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FOREWORD 


OF ALL the sciences and arts one of the <jrealcsl is the fee«lin}i; 
of animals and human beings, forty years ago the scientists 
thought the problem was simple— discover the nc<*ds for protein, 
fats, carbohydrates, and a few minerals, analyze the foods for 
th ese substances, and then so blend the foods as to furnish an 
adequate supply of each. Today we know that there is nnich 
more to it than this. The old science is still fundamental, hut 
the new science is continually adding to it knowledge of a whole 
array of substances- minerals, vitamins, amino acids -needed 
by the body. 

In ordinary diets, both animal and human, I hat contain a wide 
variety of natural foods, most of the essential substances arc 
present in adejpiate quantities. But under certain conditions, 
when the choice of foods is limited, the diets customarily fol¬ 
lowed cause inefficiency, sickness, or even premature death. 
The lack of common-sense knowledge of nutrition «wcn among 
many well-to-do people in the United States is appalling. 'Uliere 
are many kinds of "hidelen hungers” which the experienced per¬ 
son can read in the faces and atlitiules of the nndernourishe'd. 
Beaked faces, bowlegs, and shaky nervous systems are only a 
few of the manifestations. 

Two-thirds of this book deals with the nutrition of animals 
and only one-third with that of Inunan beings; nev(‘rtheless, 
even the animal section contains much information of funda¬ 
mental value with regard to human nutrition. 'Uhe reverse is 
true too. The animal body and the human ho<ly are astonish¬ 
ingly alike in their reactions to the necessary substances in foods. 
The modern knowledge of human nutrition is based to a large 
extent on animal experimentation. 

Probably 99 percent of the children of the United Slates have 
a heredity good enough to enable them to become ])roduclive 
workers and excellent citizens provided they arc given the right 
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kind of food, proper Irainiiig, and ordinary opportunities. Fun¬ 
damental to adequate training and decent opportunity is food. 
Fifty percent of the people of the United States do not get 
enough in the way of dairy products, fruits, and vegetables to 
enable them to enjoy full vigor and health, and a large number 
of them do not get enough because they cannot afford it. it is 
the duty of the farmers, the Government, the businessmen, and 
organized labor to cooperate to see that the children of these 
people are better fed than their parents were. 

That part of the hook which deals with human milrition is an 
effort to discover a scientific basis for coordinated action along 
this line. I'he department of Agriculture publishes the book 
realizing that the scientie of nutrition is still very incomplete 
and that much new, vital information is being discovered everv 
year. But a comprehensive knowledge of nutrition is far from 
widespread. We feel that it is wise to [xihlisli this book, in 
spite of its shortcomings, because it is comprehensive. It shows 
that the human being and the animal have fundamcntallv the 
same needs. People as well as animals must be well fed if they 
are to do their best and give their best. 

llE^R■^ A. Waij,\<:u, 
SiTivUiry of Agrivulliiiv, 
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W. O. Atwater, who organized the Office of Experi¬ 
ment Stations in the United States J)epartment of 
Agriculture, was one of the pioneers in modern nutri¬ 
tion. He headed the nutrition investigations carried 
on by various State experiment stations in cooperation 
with the Department, and in his own laboratory he 
conducted a remarkable amount of fundamental inves¬ 
tigation on the composition of food materials and their 
effects on the body. His bulletin. The Chemical Com¬ 
position of American Food Materials, has been in de¬ 
mand all over the world since 1899. The method of 
measuring the energy content of foods and the energy 
needs of the body by means of calorimeters was largely 
the result of his work. He conducted far-sighted sur¬ 
veys of American dietaries and national food habits 
and wrote or supervised popular bulletins on foods and 
food values. His high scientific standards, breadth of 
vision, and enthusiasm influenced not only his own 
associates, but many others who are carrying on this 
work today. 
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IN THE PAST, science lias conferred on those peoples 
who availed themselves of the newer knowledge of 
infectious diseases, better health anil a greater average 
length of life. In the future, it promises to those races 
who will take advantage of the newer knowledge of 
nutrition, a larger stature, greater vigor, increased 
longevity, and a higher level of cultural attainment. 
To a measurable degree, man is now master of his own 
destinv where once he was subject only to the grim 
hand of Fate. 

.T\mks S. McI.kstkr. 
\ntnlwti ami tha Fitlitrv oj \1an. 



FOOD AND LIFE — 
A SUMMARY 


by Gove Hambldge' 


Thk rktina, or spoiiig part of the eye, contains two kinds of strnotnrcs 
that are senstitive to light. One kind is in the form of tiny rods and 
the other kind in the form of tiny cones. We “see” becanse these 
rods and cones contain light-sensitive substances, just as a photo¬ 
graphic film is coiited with a substance sensitive to light. The ro<ls 
arc particularly impei^nt for vision in dim light and the cones in 
bright light. 

When light strikes these rods or cones, substances are broken down 
chemically, and pnidncts are formed that stimulate the nerve endings 
of the eye. The stimulated nerves then carry a message to the brain, 
and this is what we call seeing. Meanwhile the products formed hy 
the chemical break-down keep recombining to form the first substances 
over again so tiiat the eyes will be continuously sensitive to light. 

The subst^ce in the rods, sensitive to dim light, is called visual 
purple’. This purple substance contains vitamin A, which our bodies 
get from food. When dim light strikes the visual purple, it becomes 
bleached in the pnjcess of chemical change, and the vitamin A is 
, released. If more visual purple is to be formed to keep the eyes sen¬ 
sitive to dim light, there must be a continuous supply of vitamin A. 
If the body has very little vitamin A, the visual purple will be slow 
in forming, and the eyes will not readily adapt themselves to dim 
light. If there is still less vitamin A, the rods may not be al)le to 
function at all and the eyes will be completely blind in dim light. 

The body makes its supply of vitamin A from a yellow substance 
in plant foods, called carotene. It can also get vitamin A ready-made 
from certain oils or fats in animal foods—butterfat, for instance. 
During the World War, Denmark e.xportcd its butter because of the 
war demand and substituted other fats in the diet. Blindness, caused 
by lack of vitamin A, began to show up among Danish children. 
Their eyesight had been sold abroad with the butter. 

Nothing illustrates better than this what minerals and vitamins 
and other substances in foods do for us, and how vital they are to our 
bodies in a thousand different ways. Automobile drivers whose eyes 
lack sufficient vitamin A may cause accidents at night; but this is 
only one of many effects of vitamin A deficiency, and others are per¬ 
haps even more serious. Moreover, it is possible to go down the whole 
list of necessary minerals and vitamins and find one thing after another 
just a.s important as this function of vitamin A. 

’ Oove Uambidge Is PrinciiJal Research Writer, Ofliee of Information. 
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These thingjs arc recent discoveries, and not all of them are known 
as clearly as the relation of vitamin A to the visual purple in the rods 
of the eyes. But they show what the lusty young science of nutrition 
is doing in our time. Like vitamin A itself, this science, is enabling us 

to see in a dim light. , -x- 

This book, which is a product of the newer knowledge of nutrition, 
is the fourth in a series of Yearbooks of Agriculture dealing with major 
aspects of modern farming. Two Yearbooks on genetics and breeding, 
under tbe title of Better Plants and Animals, were published in 1936 
and 1937. The 1938 Yearbook was devoted to the subject of its title. 
Soils and Men. 

Like its prcilecessors, the 1939 Yearbook has many shortcomings. 
It is incomplete, not only because, knowledge is incomplete, but be¬ 
cause agricultural scientists are busy folk whose experimental work 
cannot stop, so that they have to sandwich in their writing at nights 
and on week ends and holidays. It is a mixed collection of somewhat 
miscellaneous articles rather than a continuous book partly because so 
many people contribute to it and partly because it must be prepared in 
tbe sdiort period of a year. For the same reasons, it is uneven in quality. 
Yet with all its imperfections, it seems worth doing. 

The present book is unique in that it combines the nutrition of 
human beings and of farm livestock in a single volume. For farmers, 
that is a logical thing to do. City people have to think only of feeding 
themselves. The farmer has to think of the needs of his aninials as 
well as of his own family. Human nutrition throws much light on 
the nutrition of animals, and animal nutrition throws much light on 
the nutrition of human beings. In this book, for example, the reader 
will have to refer to certain articles in the section on human nutrition 
for fundamental facts about the various life substances in foods. 
This merely reflects what has actually happened in research. Dis¬ 
coveries in each field are continually adding knowledge to the other. 

The statement that the farmer has to think of the needs of his 
animals as well as of his owu> family might be put in reverse. He should 
think of the needs of himself and his family as well as those of his 
animals. Many a man will study nights to find out how his cows or 
hogs or chickens should be fed and go to infinite pains to give them 
balanced rations, yet fail to have a glimmering of a notion that the 
diets of human beings must be balanced in just the same way. This 
is especially true in modern commercial farming, where all the emphasis 
is placed on producing for the market. 

Because of his acquaintance with livestock, the farmer should he 
the first to realize the importance of nutrition to human beings. 
Fai-mers unfortunately have the smallest share of the national wealth, 
but it is within their power to have the largest share of the national 
health. To a certain extent they do have this now, as this book shows; 
but they could do much more. Production for the market is subject 
to violent ups and downs. Sometimes it involves more loss than profit. 
Producing for home consumption gives steady returns in physical 
well-being year after year, no matter what happens to the market. 
Farmers can have far-and-away the best diets in the United States 
if they want to. 

This is not said to minimize the importance of fair market returns 
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to farmers. But a man should at least use the treasures in his own 
hack yard while he is lookiuf;: for treasures elsewhere. A healthful 
diet for his family is one treasure the farmer can find in his own back 
yard, in his garden, his orchard, his psisture, his hen house, his barn. 
City people cannot have these things. They have to depcmd (uitirely 
on what they can afford to buy at the store. 

Tf the farmer should be the first to see the importance of nutrifion 
to his own family, by the same token he should he the first, to see its 
importance to the Nation as a whole. Any livestock man knows 
that it costs more to feed an animal well than to let it starve along. 
Tt requires more feed and a greater variety of feed. It also costs mor(‘ 
to feed human beings well than to let them starve along. Now a great 
many people in the United States are starving along, more or less; 
half of them, accordhig to recent surveys, do not have even fair diets, 
and only a small percentage have good diets. This is somethitig 
that is up the farmer’s alley, fie is the one who produces tlu' food 
for these people. If millions more of them could have good diets, 
he would be the gainer (provided, of course, that he could get fair 
prices). For purely selfish as well as humanitarian reasons, he 
above all people should be in favor of raising the standard of nutrition 
in every city and town atid village. The immens(* surpluses of manv 
farm products could be wiped out if enough jx'ople could be well 
nourished. In fact, farmers would have to produce larger (juantities 
of some of the very products that are 7iow surpluses. 

So the science of nutrition has wide implications. Vitamins are 
not interesting curiosities of the laboratory. They are matters of 
life and death to the individual, and they are tied in with the well¬ 
being of agriculture and the vip:or and strength of the Nation. 

This book will have fulfilled its function if it helps farmers to under¬ 
stand these things, and if it throws a little light on the principles of 
good nutrition for both human beings and their livestock. 

GENERAL LAY-OUT OF THE BOOK 

As in the case of the previous Yearbooks in this series, the volume 
contains both technical and nontechnical material, so that it will be 
useful to difTerent grou|)s of reailem. 

Part 1 deals with human nutrition. First then* is an introduction 
to this section; then an artich* giving the main facts about the func¬ 
tions of the nutrients in foods; then a group of general articles on 
human attitudes toward food. Next there are four articles on huma.n 
requirements for carbohydrates, fats, energy, protein, minerals, and 
vitamins. These articles cover more than requirements, however; 
tiiey tell a good deal about the nature and functions of the substances 
they deal with, and some of this information is basic in animal as 
well as human nutrition. Following them, two articles deal with the 
content of these nutrients in actual f(M>d materials. Then comes an 
ai tide analyzing our present diets in the Ihiited States, and one show¬ 
ing how these diets could be improved by practical methods that 
almost anyone can follow. Next there is a group of articles on sub¬ 
jects relating to food preservation and consumer safeguards. The 
section ends with discussions of the broad economic aspects of nutri¬ 
tion in the United States. 
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Part 2 deals with animal nutrition. An introductory article {?ives 
some fundamentals that connect soil and plant management with ajiimal 
and liuman nutrition; ami this is followed by an article on the digestive 
processes of animals. Next, a series of articles gives the relation of 
tliet to maintenance, health, growth, fattening, meat production, 
reproduction, and the production of wool and hides. The nutrition 
of young and orphan animals is then considered. Following this 
there are single articles and groups of articles dealing specifically 
with the nutrition and feedijig of varim^s classes of livestock—beef 
cattle, dairy cattle, swine, sheep, goats, horses, and poultry. Dogs, 
fur animals, and certain game birds are included because of the 
general interest in these animals. Next there is a group of articles 
on the principal livestock feeds available to farmers. A research 
survey follows, showing what is actually being done in the way of 
experimental work in the various State experiment stations, and 
also what research workers stress as the needs of the future. A set 
of tables at the end of the book gives up-to-date figures on the 
composition of the principal fcedstuffs. 

All of the articles are summarized editorially in the following pages 
of this introduction except the research survey, the study of soil 
deficiencies, and the. tables of composition of feedstuffs. 

PART 1. HUMAN NUTRITION 

FROM TRADITION TO SCIENCE 

Man inherits certain possibilities. How they develop depends on 
his environment; and the most fumlamental influence in the environ¬ 
ment is food. It builds and shapes his body, and through the glands,^; 
hormones, and nervous system it modifies his mental and emotional. 
make-up. All food comes directly or indirectly from the soil. Soils 
differ in different areas, and some soils furnish an abundance of 
certain elements that other soils lack. Since primitive man had to, 
get his food supply entirely from local sources, these differences in 
the make-up of soils must, through long ages, have influenced the 
physical and perhaps even the mental and emotional characteristics 
of different tribes and races. They must have been a powerful in¬ 
fluence in the evolution of man. 

Food habits and traditions were built up through the selection of 
those foods in each area that proved to have value for keeping people 
alive and well. Even today, among primitive people and peasants 
living on the land, certain traditional combinations of foods are 
found, on examination, to be based on good scientific principles. Long 
before vitamins or minerals were discovered, various foods were 
known to cure or prevent certain diseases. In the thirteenth century, 
for example, the ash of burned sponges was used to treat goiter. 
Five or six hundred years later a chemist found that there was iodine 
in this ash. 

Such food habits were developed by trial and error, over long 
periods, with much suffering by the way. But men had one thing in 
their favor. The foods used were natural, whole foods, furnishing 
the essentials for human nutrition. Today the situation in a modem 
industrial country is entirely different. Comparatively few people 
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produce their own food. Production and distribution are commer¬ 
cialized. There is a j?reater variety of foods, transi)orted over greater 
distances; but many of them are processed and refined so that they 
have lost the elements they contained in their fiatural state. More¬ 
over, when people buy their food instead of producing it, the economic 
factor has a more powerful influence on the kind of diet they get. In 
this situation, tradition and habit are no longer safe guides to tlic 
selection of foods. They can lead to dangerous mistakes. 

But paralleling modern developments in the food industries there 
have been developments in ktiowledge of nutrition. This knowledge, 
rightly understood and used, furnishes a safe guide in the cornple.K 
food situation of today. It shows what man needs to get from food 
and how to get it by proper selection and preparation of foodstuffs. 
This science of nutrition does not wipe out habits and traditions. 
It supplements' them, corre(‘-ts them, and shows how to use them 
intelligently. It offers a sound foundation for the food production 
aiul distribution of the future. 

FOOD FUNCTIONS AND THE RELATION OF FOOD TO HEALTH 

Con.sidcrcd as a machine using the energy from fuel, the human 
body is about as efficient as an automobile engine and Ifl to 2.') perc(uit 
more elTiciont than a steam locomotive. The fuel the body uses 
comes from the starches and sugam (carbohydrates), the fats, and 
the proteins in food. Carboliy<lratcs and jjroteins are about ecpial 
in fuel value; fats furnish more thatj twice as much energy as cither. 
Before the stored energy in foods becomes available, they must first, 
be broken down into simple substances in the digestive system, tluMi 
carried to various parts of the body in the blood stream, and finally 
burned—that is, combined with oxygen, which is brought from the 
lungs to all parts of the body by tlie launoglobin or red coloritig 
matter in the. blood. The whole complex i)rocess by which foods are 
broken down a,nd utilized in the body is called metabolism. 

A moderately active person uses about half the energy he gets 
from food just for staying alive - keeping the body at normal heat 
and the internal organs going. This minimum use. of energy by the 
body for maintenance is called the basal metabolism. Any physical 
movement whatever, even lifting the little finger, demands an addi¬ 
tional use of energy over that involved in basal metabolism. Food 
energy taken in above that required for basal metabolism and ac¬ 
tivity is stored as fat. Taking 10 percent more calories a day than are 
needed—say as an extra helping of des.sort—may add 20 pounds of 
fat a year to the body. Except in conditions caused by glandular 
disturbances or illness, maintaining the right weight is a matter of 
adjusting food to exercise, or vice versa. Growing children should 
be a little over the average weight for their age and size. Adults 
past 30 should perhaps be a little uiuler the average. 

In addition to supplying energy, foods furnish the materials for 
building and repairing the body and regulating its many internal 
activities. A varied and well-balanced diet is necessary to furnish 
everything required for those innumerable and very complex functions. 
Most authorities agree that, for an adult, about 60 percent of the food 
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calories should be in the form of starches and sugars, about 26 to 30 
percent in the form of fat, and about 10 to 12 percent in the form of 
protein. In addition, a wide range of minerals and vitamins must be 
supplied. All this can be done by a well-balanced diet that includes 
fresh fruits and vegetables, whole cereals, milk, meat, and eggs. 
Failure to provide enough of any essential food element brings such 
I’esults as impaired efficiency, poor growth, susceptibility to disease, 
and, in severe cases, death. Moreover, it is possible to suffer from 
malnutrition without showing clear-cut signs of any of the well-known 
dietary deficiency diseases. There are many border-line cases in 
which extreme symptoms do not appear. 

Whether water is considered as a foo<l depends on the point of view. 
It is necessary for the body, a t any rate. Many foods are more than half 
water, and the body gets some water also froni the burning of sugars, 
fats, and protein. A normal man of average size loses about 1/4 pints 
of water a day as “insensible perspiration”-—vapor from the skin and 
lungs. Ten j)ints may be lost in an hour as sweat during hard exer¬ 
cise. Two to five phits a day aie excreted by the kidneys and bowels. 
Suppose the average total loss under certain normal conditions is 6 
pints every 24 hours. About 4 pints will be taken in with a normal 
mixed diet. This lea ves about 2 pints or 4 glasses to be drunk as water. 
No general rccoinnicndations for drinking any specific amount of 
water every day can be made, however. Perhaps thirst is the best 
guide in most cases. 

Excessive sweating removes salt from the body rapidly, and this 
may be a contributing cause of heat prostration. Taking extra salt to 
make up for this loss is now commonly advised for those undergoing 
hard exei-cise in great heat. 

Next to water, protein makes up the largest part of living tissues. 
Digestion breaks protein down into simpler substances called amino 
acids, and these are carried by the blood to the places where they are 
needed for building and repairing the body. Here they are built 
into new proteins. Any amino acids not used in this way are broken 
down still further and partly burned as fuel. Animal proteins furnisli 
certaiTi necessary amino acids not found in sufficiejit quantity in most 
vegetable proteins, and animal products should therefore be included 
in the diet. A serious and prolonged deficiency of protein produces 
an edema or dropsy that was fairly common in Europe during the 
World War and has been known to occur among poor people in this 
country. It is esi)ecially important for growing children and pregnant 
and lactating women to have a liberal amount of protein. 

Fats stored in the body are a reserve source of heat and energy and 
a protection against cold and injurv around certain organs. In addi¬ 
tion to the function of fats as fuel, certain kinds are believed, from 
experiments with animals, to be necessary in other ways for normal 
nutrition. The function of sugars and starches as fuel has already 
been mentioned. The blood normally contains about 0.1 percent of 
sugar as a steady supply for the body. In addition, carbohydrates 
are stored in the liver and muscles as glycogen, or “animal starch,” 
which may be used to form sugar in the blood. This function is 
disturbed in some diseases, notably diabetes mellitus. 

The minerals and inorganic materials that must be supplied by 
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the diet include sodium, potassium, calcium, magnesium, iron, copper, 
manganese, sulfur, phosphorus, chlorine, iodine, and probably many 
others in small amounts. Of these, ordy four—calcium, phosphorus, 
iron, and iodine—are likely to be deficient in ordinary diets. 

Calcium forms a large part of the bones airtl teeth, aird it is necessary 
for normal blood clotting, the steady working of the heart, and normal 
muscular activity. Phosphorus is also liberally used in the bones and 
teeth, and it plays a vital part in some of the delicate chemical activi¬ 
ties of the body, notably those that release energy from foods. Begin¬ 
ning at birth, children need a generous supply of these two minerals 
to meet the needs of growth. Evidence indicates, however, that many 
jreople of all ages do trot get enough calcium. In childrcir, a severe 
calcium deficiency stunts growth; among older people it sometimes 
causes “late rickets” (hunger osteomalacia). Amorrg women, a con¬ 
tracted pelvis, which interferes with normal childbirth, may be caused 
by calcium deficiency. This condition was found in 12 percent of a 
grouj) of women studierl in congested districts of Glasgow. It occuiTed 
even among women who were well to do. Pregnant and lactating 
women, of course, need more calcium than average adults. 

Iron is necessary for the formation of hemoglobin in the blood. 
Nutritional anemia is the penalty for an insufficient supply of iron. 
The disease is fairly common among infants, and it is an ever-present 
danger through adolescence, especially with girls. Copper in minute 
amounts must accompany iron for hemoglobin formation; perhaps 
also traces of cobalt and manganese. 

Iodine is essential in the making of a secretion of the thyroid gland, 
thyroxin, which helps to regulate the heat production of the body. 
Simple goiter, which is most prevalent among women, esf)ecially during 
adolescence, pregnancy, and lactation, is the result of a lack of io<line. 
In regions where there is no iodine in the soil or water supply, it can be 
taken in salt or otherwise, but an overdose is easy to get, and harmful. 

Many of the vitamins so far discovered are known to l)e vital to the 
health, even the life of human beings. Without sufficient vitamin A, 
the thin layer of epithelium, including the mucous membranes, that 
protects the organs of the body suffers disastrous clnuiges, the teeth 
are affected, the eyes become less sensitive to dim light, growth is not 
normal. Without suflicient vitamin Bi, or thiamin, sugar is probably 
not properly o.xidized in the body; there is a loss of appetites, a series of 
nervous disorders, and a disturbance of the heart—symptoms col¬ 
lectively known as beriberi, or polyneuritis. With insufficient vitamin 
C, or ascorbic acid, the material between the cells of the body no longer 
functions as it should, the teeth and bones suffer, minute blood vessels 
become fragile, and other symptoms of scurvy develop. Lack of 
vitamin D spells rickets in children; this vitamin is necessary for the 
proper fimctioning of calcium and phosphorus in building bones and 
teeth. Lack of vitamin G, or riboflavin, in experimental animals 
results in cessation of growtli, loss of hair, nutritional cataract of the 
eyes, skin disorders. Lack of nicotinic acid (one of the B vitamins) is 
apparently the determining cause of pellagra- - a disease of the shock¬ 
ingly ill-fed, usually the poor but sometimes the well to do. The 
newly discovered vitamin K is apparently necessary, with bile or bile 
salts, for normal blood clotting. 
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Does a good diet prevent infectious diseases as well as these nutri¬ 
tional diseases? No vitamin or other nutritive element, according to 
to the present view, gives any actual immunity to infection; but there 
is no doubt about the value of diet in promoting the resistance of the 
body against certain infectious diseases at least. Does a good iliet 
increase length of life? Long-time experiments conducted by Sherman 
at Columbia University with rats indicate that it does; and, similarly, 
rat experiments conducted by McCollum at Johns Hopkins indicate 
that it increases vigor and well-being at.all ages and postpones the usual 
signs of senility. 

FOOD HABITS, OLD AND NEW 

Among the great variety of food habits and traditions developed by 
people in different areas, some are good, some are bad. In a notable 
report by McCarrison, dealing with the foods of natives in India, 
people in the north, living on a diet of whole wheat, milk, legumes, 
vegetables, and some meat were <lescribed as “stalwart resolute races”; 
those in the south, living on a diet containing a large proportion ()f 
polished rice, some legumes, vegetables, and fruits, btit little or no milk 
and meat, were described as “boneless, supine, and poorly dcvelope<l.” 
The British Medical Research Council reported on the physicjne and 
health of the Masai and the Akikuyu, two tribes in Kenya, Africa. 
The Masai ate mostly milk, meat, and raw blood, the Akikuyu mostly 
cereals, roots, and fruits. The average Masai male was 5 inches taller 
and 23 poumls heavier than the average Akikuyu and had 50 percent 
greater strength. Bony deformities, decayed teeth, anemia, lung dis¬ 
eases, and tropical ulcer were more prevalent among the Akikuyu. 
On the other hand, the Masai had more constipation and arthritis. 
Both tribes needed more vegetables; the Akikuyu needed more milk. 

Compared with those in other countries, diets in the United States 
are generous. The second generation of Japanese in California and of 
Europeans in the larger American cities are larger and better built than 
their parents. American women entering colleges are an inch taller 
than those who entered college 30 years ago; in one men’s college, the 
average height has increased about 2‘inchcs in 00 years. Perhaps these 
are evidences of nutritional progress. 

Certainly diets have changed in this country in two generations. 
Analysis shows that the proportion of calories derived from milk, 
cheese, fruits, and succulent vegetables has actually doubled in 50 
years. There has also been a slightly greater emphasis on sugars and 
fats. Forty to fifty years ago, more than 80 percent of the food 
calories in American diets were derived from grains, meats, fats other 
than butter, sugars, potatoes, and mature legumes (the traditional 
white bread, meat, sugar, and potato diet). 

In spite of changes, the proportion derived from those sources is 
still over 70 percent. Sherman says that 50 percent of the food 
calories should be derived from milk and milk products, fruits, vege¬ 
tables, and eggs (as compared with less than a third in present Ameri¬ 
can diets) and that at least half the grain products consumed should 
be in the form of whole grain (as compared with less than a fifth at 
present). Perhaps this is more or less an ideal, but it shows the trend 
of thinking of modern nutritionists, backed by a half-century of 
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research wliich has seen the development of most of the knowledge of 
nutrition we now have. '’Hiese nutritionists believe that if better 
diets became sufficiently widespread, most peojile could achieve tlie 
physical well-being that only the most fortunate now enjoy. 

CAN FOOD HABITS BE CHANGED? 

Jf some superdietitian could hand everyone a simple, perfectly 
balanced menu and get them to use it, much as a farmer feeds his 
cows, it would be a comparatively simple matter to have everyone 
well nourished. But it would be an unfortunate state of affairs, 
because we would then be cows or robots instead of human beings. 
As human beings, we expect to get emotional satisfactions from food 
as well as to meet our physical needs. These emotional satisfactions 
are often tied up with our habits, and we resist changes that we think 
might interfere with them. This is one reason why the problem of 
nutrition is complicated, as every mother knows if she has tried to 
teach a child to eat properly. 

One of the great helps is to thiidv of foods in terms of groups, each 
group being an especially good source of some one or more nutrients, 
'riien it is not necessary to overemphasize some [)articular food in 
order to get something that may be lacking in the diet; any one of a 
number of foods in the same group can be used as well. This gives 
lle.vibility to menus and enables a skillful housewife to avoid what is 
especially disliked, as well as to maintain interest in the meals from 
day to day. 

Hunger, which is due to actual contractions of the stomach, and 
appetite, which is stimulated by pleasant food odors and flavors, may 
be used to get new foods accepted. Outdoor exercise, physical work, 
and insufficient food create hunger, which helps to make new foods 
acceptable. E.xcitement, pain, or anger inhibit hunger ami may 
therefore create resistance to new foods. Associating a certain food 
with an especially pleasatit experience may “condition” us to accept it. 

In the long run, the problem of building up good dietary habits is 
a problem of continuous education. It should begin in early child¬ 
hood, with the mother who teaches the child to enjoy a simple, 
adequate diet, and to accept new foods. The schools too can carry 
on this work. Books, pamphlets, newspaper articles, and radio broad¬ 
casts designed for adults as well as children are all useful, provided 
they are accurate and unbiased. Recipes are especially worth while 
if they are accom|)anied by information about the place of the foods 
in the dietary. More attention should be paid to recipes for at¬ 
tractive, enjoyable dishes that encourage use of the cheaper forms of 
protective foods. 

FOOD FADS, FACTS, AND FANCIES 

Science always has its camp followers who clean up the scraps. 
The camp followers of nutrition are the quacks, the faddists, and the 
advertisers of fake nostrums. They use technical language so fluently 
that sometimes they almost fool themselves. Here arc some common 
types of quackery to beware of: 

“Health foods” advertised as panaceas for various ills, real or 
imaginary; There is no such thing as a “health food,” and no one 
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food is essential to health or has unique health-giving properties— 
especially the weird concoctions often sold under this name. The 
term “scientifically balanced food” is in the same class. No one 
food is “balancetl” in the dietaiy sense. “Energy” foods, as the term 
is often used, also are fakes. Almost all foods furnish energy. 

Products to control weight; These are of three types: Those 

that speed up body processes so that food is burned faster, such as 
thyroid extract or dinitrophenol, are imsitively dangerous except in 
the hands of a physician. (2) “Redticing” foods containing laxative 
salts or cathartics remove water from the body—not fat. They too 
can be harmful. (.3) Pood concentrates or supplements to be taken 
with a reducing diet or exercise regimen are useless. I.t is the 
reduced energy content of the diet or the ailditional oxei'cise that 
reduces weight--not the dietary su])plenicnt. 

Iron, iodine, calcium, and other minerals to correct widespread 
“mineral deficiencies”: Real mineral deficiencies can be corrected by 
a well-rounded diet. Mineral supplements should be used only on 
the recommendation of a doctor or trained nutritionist. 

Vitamin products: The best and most economical sources of vita¬ 
mins are ordinary foods. Inhere is a legitimate place for vitamin 
concentrates, but not as cure-alls. Broad and indefinite claims for 
vitamin products should be distrusted. 

Food fads: One of the commonest is that certain foods should never 
be combine<l with certain other foods- -proteins with carbohydrate's, 
for example, or acid fruits with starch, ^'his is pseudo-.scientific bunk. 
All kinds of combinations are made by nature in single foods. Claims 
made for partly digested or predigested foods, or “natural aids to 
digestion,” are also questionable or unwarranted. 

Panaceas for diseases: Among these arc cures for “acid stomach”^— 
all stomachs are normally acid or they could not digest food; 
“acidosis”—actually a rare condition of the blood, calling for medical 
treatment; constipation--for which there is no one cure, since there 
are different causes in different cases; anil a long list of others, none 
of which can be cured by quack food or drug remedies. 

THE WHITE RAT AS A CONTRIBUTOR TO SCIENCE 

Ordinarily the rat is hunted down and exterminated as an enemy of 
mankind. But in one field it has been a benefactor of man. Experi¬ 
ments with rats have added enormously to our knowledge of what foods 
contain and what the various nutrients in foods do in the body. 
These experiments have pointed the way to the prevention and cure 
of many deficiency iliseases and to a better understanding of the 
relation of food to health. 

Not that the rat is unique. Other animals would do for nutritional 
experiments, and in fact other animals arc used—the guinea pig, the 
rabbit, the pigeon, the chicken, the dog, for example. In fact, rats 
will not do for some experiments. The rat does not have a gall 
bladder, for example; it is immime to scurvy; and it does not need 
vitamin C in its diet. No one animal will do to represent the reactions 
of all animals, including human beings; nor can it Ije said positively 
that because one kind of animal reacts thus and so in a given experi¬ 
ment. other kinds of animals will react in the same manner; or because 
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one kind of animal tieeds siieh an<l sncli an amount of a gdvcn nutrient, 
therefore another kind of animal needs a jjroportionate amount. All 
such conclusions must be tested directly on the other animal. 

Nevertheless, the rat is typical of many animals, and its nutritional 
reipiirements have proved to be like those of human beings in so many 
ways that it is extremely useful. As the early physiologists discovered 
in many decades of difficult study, the fundamental bodily structure 
and functions of all mammals are very much the same. 

The reason the rat is so extensively used in nutrition experiments is 
partly accidental. Rats happened to be used for some of the earliest 
experimental work that led to important discoveries in nutrition, and 
also for studies on the growth and development of the nervous system. 
A mass of useful data about the rat was collected, and it was natural 
for later experimenters to turn to the rat because those data were 
available. 

But perhaps the most important reasons for the extensive use of the 
white rat are practical ones. The rat is small and handy; several 
hundred of the animals can be kept in comfort in a space the size of an 
ordinary living room. A rat can be fed for 50 cents a year as compared 
with $4.50 for a rabbit, $15 for a dog, $75 for a dairy cow, and $400 for 
an elephant. This is very important when it comes to using expensive 
purified foods. For example, it would cost $15 a day to feed protein to 
a rabbit in the form of pure amino acids, whereas it costs oidy $1.50 
for a rat. (Even so, such experiments are expensive enough. The 
cost of amino acids in a recent exi)eriment with a small number of rats 
was $50,000.) Just as important as ecoiiomy is the fact that the rat 
lives veiy fast. Its life span is 2 to 3 yeai-s, so that 1 year is ecpiivalent 
to 20 or 30 vears in the life of a human being. It is possible to carr\^ 
on an experiment with rats that will cover not only one generation but 
many successive generations. And more and more, in nutritional 
work, the scientist is seeking to discover the long-time effects of taking 
aw'ay or adding certain nutrients. It is as important to study these 
as to study the short-time effects that show up as acute symptoms. 

HUMAN FOOD REQUIREMENTS CARBOHYDRATES, FATS, ENERGY 

Carbohydrates 

More than half of the average diet consists of carbohydrates. They 
are the sugars, starches, and indigestible fibers given to us by plants. 
The sugars and starches furnish energy (IheA’ are the preferred fuel for 
muscular work), and the indigestible material is useful to the body in 
other ways. 

The sugars and starches are of three kinds, which may be classified 
in common language as single sugam, double sugars, and comjdex 
sugars-—technically called monosaccharides, ilisaccharides, and poly¬ 
saccharides. Only the single sugars can be absorbed into the blood 
stream and utilizeii by the body tissues. Hence all the other digestible 
carbohydrates must eventually be broken down to single sugars in the 
processes of digestion. The break-down is accomplished by enzymes. 

Two single sugars, glucose and fructose (fruit sugar), occur naturally 
in fruits and vegetables, as well as being produced bv the digestion of 
more complex carbohydrates in the body. The third single sugar, 



14 YEARBOOK OF AGRICULTURE, 1939 

galactose, results when milk sugar (lactose) is broken down by «liges- 
tion. 

Three double sugars are commonly found in foods- cane or beet 
sugar (sticrose), malt sugar (maltose), and milk sugar (lactose). 
Sucrose, or ordinaiy granulated sugar, is the sweetest of these and is 
consumed in the greatest quantity—sometimes too much for health. 
Maltose is a manufactured pro<luct, ma«le from starch through the 
action of enzymes in sprouting grain. It is also made in the human 
body when saliva acts on cooked starch, or the pancreatic juices on raw 
or cooked starch. Because of its easy digestibility, maltose is some¬ 
times used for infants and invalids, although glucose in the form of corn 
sirup is the most commonly used sugar for infant feeding. Lactose 
occurs in milk. It digests slowly and when consumed in unusual 
amounts leaves an umligested residue that has a laxative effect. It 
also favors the growth of certain useful bacteria in the intestines, and 
there is evidence that it increases the absorption or availability of 
certain forms of calcium. 

Starches, dextrins, aud glycogen are the common digestible comple.x 
sugars. Starches occur in vegetables and fruits. Dextrins are made 
in tbe body in the process of digesting starch. Glycogen, sometimes 
called animal starch, is made in the body out of vegetable carbohy¬ 
drates, and is the form in which these carbohydrates are stored in the 
liver and muscles, to he used as needed. 

The indigestible carbohydrates mostly form the cell walls that are 
the structural framework of plants. Plant fibers furnish the bulk 
in the diet that is nece.ssary for the normal muscular action (peristalsis) 
of the intestine. Agar-agar and pectin are two indigestible carbo¬ 
hydrates that have the property of absorbing a great deal of water and 
becoming jellylike in consistency. Agar-agar (from seaweed) is some¬ 
times used to increase bulk in the intestine. Pectin, found in certain 
fruits and fruit seeds, apparently has the property of absorbing 
poisons or neutralizing certain harmful substances- hence the value 
of scraped raw apple in treating diarrhea and infant dysentery. 

Research work carried on over many years shows that intricate 
])rocesses are involved in transjiorting, storing, and utilizing carbo¬ 
hydrates in the body, and in maintaining a constant lev<d of sugar in 
the blood. Recent work has concentrated on certain processes in 
which tbe endocrine glands and the nerves are involved. This includes 
work on diabetes, which may prove to be duo not to a simple deficienc'.y 
of insulin in the pancreas but to a maladjustment of several endocrine 
glands. 

It is known that various nutritive elements, including thiamin 
(vitamin Bj) and riboflavin (vitamin G), play a part in carbohydrate 
metabolism. For example, dogs completely deprived of their pancreas 
have lived for 4 years on a diet rich in protein and vitamins. Much 
remains to be done, however, before we have a complete picture of 
what happens to carbohydrates in the body, in health or illness. 

Fat 

Fat is commonly thought of as a source of energy in the diet. A 
given weight of fat has more than twice the energy value of the same 
amount of carbohydrate or protein. Hence those who wish to reduce 
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or to add weight should reduce or increase the fat content of the diet 
first. Fat also has “staj^ing power” because it is digested rather 
slowly, and since it contributes much to flavor and texture in foods, 
the consumption of fat tends to increase with a higher standard of 
living. 

Fats, however, do more than provide calories. They carry the fat- 
soluble vitamins, A, D, E, and K. Certain types of fat are essential 
jjarts of the tissues of the body; their unsaturated fatty acids are 
apparently necessary for good health. (A saturated fatty acid is one 
that contains all the hydrogen with which it can combine. It makes 
a fat that is usually solid at room temperature. An unsaturated 
fatty acid is one that could take on more hydrogen. It makes a fat 
that is usually liquid at room temperature.) Most common food fats— 
including the hardened vegetable fats—contain essential unsaturated 
fatty acids, and there is little danger that they will be lacking in an 
ordifiarv diet. Experimentally, however, a shortage can be produced 
with laboratory animals, and with rats it results in reduced growth 
and a skin disease. 

Recent experimental work with fats in nutrition suggests that they 
may possibly help the body to use calcium under certain conditions; 
reduce the need for vitamin Bi; aid in the metabolism of milk sugar, 
and in the utilization of carotene by the body; and help to maintain a 
certain unsaturated fatty acid content of the blood which may be 
related to the occurrence of eczema in children. Most of this work is 
new and the results must be interpreted with care. 

Energy 

People of a certain age will remember the furor about calorics 
early in this century. It was the beginning of the diet consciousness 
that has steadily increased ever since. Aj)j)are!itly the only thing 
that mattered about food in those days was whether you got enough 
calories—or too many, so that you became fat; and even today, imder- 
noiu’ishment or starvation is still thought of as failure to get enough 
total food, or enough calories, to meet the energ^’^ needs of the 
body. People can starve to death, however, even when they eat 
too much food, if some element necessary to life is lacking in the 
food they get. 

Calories are a measure of heat or energy. The energy stored in a 
given quantity of any food material can be measured rather accu¬ 
rately. The energy needed by the human body can also be measured 
acciu’ately. The problem, then, is simply one of balancing the 
amount taken in with the amount needed, making due allowance for 
the waste in preparing and cooking food and the waste in digestion. 

In everyday life, this balancing is done solely by observation, a])j)e- 
tite, feeling. Normally, an adult who does not eat enough will get 
thin and run down; a cliild will fail to gain at a normal rate. If you 
eat too much, you will lay on weight. No fine calculations are needed, 
ordiTiarily, to find the happy medium in between. 

Sometimes doctors, nutritionists, and others need to make these 
calculations. In many cases, the individual’s food intake needs to be 
carefully prescribed. Diets are balanced on the basis of the calories 
furnished by different foods or different nutrients. Calorie counts 
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are used in figuring the adequaey of the diets of individuals, families, 
groujjs, or even whole populations. In this work, lengthy tables of the 
calorie values of food are utilized, along with tables showing the 
calorie needs of individuals of difl'erent ages and sizes engaged in differ¬ 
ent kinds of activity. 

The latter tables have been worke<l out largely from calorimetry 
studies. A calorimeter is an instrument for measuring the energy 
used by an individual, first for basal metabolism- the internal i)roc- 
esses that go on even when tlie indivi<lual is completely at rest in a 
comfortable atmosphere- -and then for any activity over and ab«>vc 
this basic need. The basal requirement for an adult is about 1 calorie 
an hour for every 2.2 pounds (1 kilogram) of body weight. Here are 
some samples of the additional requirements per hour for different 
activities (for every 2.2 pounds of body weight); wSitting (juictly, 0.4 
caloric; standing relaxed, 0.5 calorie; walking, 2 calories; running, 7 
calories; going upstairs, 14.7 calories; dishwashing, I calorie; sweeping, 
1.4 calories; sawing wood, 5.7 calories; swimming, 7.9 calories. Curi¬ 
ously enough, the simple act of walking upstairs apparently requires 
more energy than the hardest work or the hardest sport carried on for 
the same length of time. 

If it is known how much time an individual spends in various ac¬ 
tivities, it is possible to figure quite closely how much energy he or she 
will need to get from food during the day. Here are some sample 
figures of this kind: Average farmer’s wife weighing 136 pounds, about 
2,600 calories a day; average city housewife weighing 129 pounds, 
about 2,300 calories a <lay; average active farmer, about 3,500 to 4,000 
calories a day; sedentary man of 154 pounds, about 2,400 calories a 
day; sedentary woman of 132 pounds, about 2,100 calories a day. 
Children need more calories per pound than adults, to meet the needs 
of growth. Nursing mothers need more. Old people need less. 

Calorie requirements have been the subject of much thought, 
calculation, and research. The figures used by different nutritionists 
have not always agreed. In an attempt to reach a standard that 
could be agreed on everywhere, the Technical Committee on Nutri¬ 
tion of the Ijeague of Nations adopteil a scale in 1935. According to 
this scale, “the average a<lult mule or female living an ordinary every- 
tlay life in a temperate climate” nee«Is 2,400 calories a day, or 100 
calories an hour, for maintenance alone. To this must be added, for 
light work, up to 75 calories an hour; for moderate work, 75 to 150 
calories an hour; for hard work, 150 to 300 calories an hour; for very 
hard work, 300 calories or more an hour. The nursing woman requires 
3,000 calories a day for maintenance, plus the amounts given for various 
activities. Children are given the following allowances in calories a 
day for maintenance; 1 to 2 years, 840 ; 2 to 3 years, 1,000; 3 to t 
years, 1,200; 5 to 7 years, 1,440; 7 to 9 years, 1,680; 9 to 11 years 
1,920; 11 to 12 years, 2,160; 12 years and over, 2,400. To these bash 
reo^uirements, allowances are added for activity. The activities oi 
children 5 to 11 years old are considered equivalent to light work, those 
of boys 11 to 15 years old as equivalent to heavy work, and those of 
girls 11 to 15 years old as equivalent to light work. Babies up to i; 
months of age require about 45 calories a pound a day; those 6 to 12 
months old, about 41 calories a pound a day. 
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FOOD AND LIFE — A SUMMARY 
PROTEIN REQUIREMENTS OF MAN 

Since all living cells are made primarily out of protein it might truly 
be called the stuff of life. Nothing else can take its place in building 
new tissues in the body and replacing losses. But this is not its only 
function. Many of the enzymes and hormones in the body are either 
proteins or contain substances that make proteins. A very small 
quantity of protein in the form of an enzyme or hormone can have 
very powerful effects, much as the word of a commanding general 
controls an entire army. 

There are innumerable kinds of protein; perhaps only a substance 
capable of such endless variety would fit the needs of living matter. 
All of them arc made up of the simpler substances, amino acids. 
Sonie 22 amino acids are now known, and probably there are others 
Tindiscovered. As the letters of the alphabet combine to form words, 
these amino acids combine to form proteins; as different words com¬ 
bine to form sentences, the proteins in turn combine to form living 
tissues. A food is like a whole sentence. The words arc taken 
apart in the digestive system and re<luccd to letters, or amino acids. 
The letters or amino acids are carried by the blood to all organs, all 
cells. Each cell or organ takes the particular letters it needs and 
rearranges them into new words or new proteins, which make new 
sentences. 

Practically the whole alphabet of 22 amino acids is used to make 
the proteins that compose a human being. Some of them the body 
can apparently manufacture for itself, but there are at least 10 that 
it must get from food. If any of these is lacking, growth will not 
be normal or the processes of life will halt somewhere and somehow. 

Many foo<l proteins do not contain all these 10 amino acids, each 
one in adequate amounts for human needs. Hence the advisability, 
if not the necessity, of eating a variety of protein foods. Most pro¬ 
tein foods contain several different kinds of protein, and a good mix¬ 
ture is like a whole paragraph of sentences; it will insure a supply of 
the right amino acids. Animal proteins—those in milk, eggs, glan¬ 
dular organs, lean meat —are especially rich in the necessary 10 that 
must come from food. It is advisable then to include a liberal supply 
of animal proteins in the diet, and an especially liberal supply in the 
diet of children, since children are building new tissue at a very rapid 
rate. Many of the vegetable proteins, even those in fairly protein- 
rich products like whole cereals ami legumes, are notably low in one or 
more of the amino acitls that human beings must get from food. 

Partly because of this complicated amino acid situation, it is rather 
difficult to make general recommendations for the amount of protein 
an individual should have. A great deal depends on the amino acid 
make-up of the proteins eaten. Then, too, a fair amount of some 
proteins is not digested, especially if they arc eaten uncooked. 

A good many years ago the protein consurnption of thousands of 
peojjlc in many countries was carefully studied. It varied consid¬ 
erably, but in general it was quite high. This was taken to mean that 
people ought to eat a lot of protein. Then it was found tliat though 
protein can be used as fuel by the body, it involves a good deal of 
waste; starch, sugar, and fat are bunied up almost 100 percent as fuel 
in the body, but only part of a protein is burned and the rest is elimi- 
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nated, mostly from the kidneys. Besides, protein is expensive eon 
pared with starch and sugar. So there was then a wave of recon 
mendations for low-protein consumption— just enough, it was thougl 
to supply the need for body building and repair. Now the tender 
is to settle down between these two extremes—to recommend consi 
erably more than the very low figures, considerably less than the vei. 
high ones. This is probably right, at least until there is a good deai 
more accurate evidence frorn the modern work with arniiro acids. A 
fairly liberal allowance of protein gives a margin of safety that may 
contribute to health and general well-heing. 

The Technical Commission of the Health Coinmittec of the Ijeague 
of Nations recently recommended, hr line with this trend, that an adult 
over 21 should get about 0.45 gram (about one-sixtieth of an ounce) of 
protein a day per pound of body weight. This is about 70 grams (a 
little loss than 2K ounces) for a 154-pound man, and about 60 grams 
(a little over 2.1 ounces) for a 132-pound woman. A pregnant woman 
should get half again as much as the adult allowance after the fourth 
month; a nursing woman, twice as much. The allowance per pound 
of body weight is greater at younger ages. At the age of 17 to 21 it 
is half again as much as that of the adult; at 15 to 17 years, twice as 
much; at 5 to 15 years, 2K times as much; at 3 to 5 years, 3 times as 
much; a,nd at 1 to 3 years, 3K> times as ranch. According to the recom¬ 
mendations, the protein should he flerived from a variety of sources, 
and part of it should he of animal origin. 

MINERAL NEEDS OF MAN 

Calcium and Phosphorus Requirements 

There is more calcium in tlie human l)ody than any other mineral 
element. Ninety-nine percent of it is in the bones and teeth, and 1 
percent circulates in the hlood stream and permeates the soft tissues. 
But this 1 percent has very important functions in the hlood, the 
muscles, the nerves. For example, the muscles that make the heart 
beat must be constantly bathed with blood or lymph containing a 
normal amount and pro])ortion of calcium. 

Calcium is rather abundant in nature, yet there is a calcium prob¬ 
lem ill nutrition because so many people no longer eat natural foods 
and because so many natural compounds of calcium are comparatively 
insoluble and therefore difficult for the body to use. One of the most 
common deficiencies in American diets, .in fact, is a deficiency of 
calcium. In other words, it is necessary to use our brains to get 
enough calcium to build our backbones. 

How much calcium should we try to get in our diet? This problem 
has been rather carefully studied over a period of 30 years. 

It is possible to find the minimum needs of the body by balance 
experiments. After calcium has been used by the body it is excreted. 
Finding the lowest point at which the amount consumed will just 
balancy. the amovmt excreted from day to day should therefore show 
the minimum daily requirement of the body. In studies on a con¬ 
siderable number of adults over a considerable period of time, this 
minimum requirement ranged from 0.27 gram to 0.82 gram. The 
average of all the cases, b/ one method of interpretation, was 0.45 
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gram. Two other methods of interpretation gave higher averages, 
the highest being O.Sr) gram. As a cx)mpromise between these ex- 
/iremes, 0.50 or one-half of a gram a day may be accepted as the 
.(Verage ininimum requirement of the normal adult. 

A margin of 50 percent must be abided to this to allow for individual 
ilifferences and the variations likely to be encountered in everyday 
foods. This makes a total of 0.75, or three-fourths, of a gram a day 
as the practical nunimum—the figure now recommended by the League 
af Nations’ Technical Commission on Nutrition. 

But this is the minimum—not necessarily what is best for health. 

Experiments with hundreds of rats throughout the entire life cycle 
of several generatioTis show that increasing the calcium allowance up 
to a point well over twice the minimum requirement results in positive 
gains in physical well-being. Tx)ng study makes it scientifically con¬ 
vincing that human beings would probably respond in the same way. 
On this basis, it is a conservative conchision that for the best health, 
the calcium requirement of the normal adult should be set at not less 
than 1 gram a day. This is twice the actual mininmm of one-half of 
a gram but only a third more than the practical minimum of three- 
fourths of a gram. 

The Health Organisation of the Tjeague of Nations recommends that 
1.5 grams a day be considered the requirement for pregnant and 
laetating women. This is to allow for the needs of the growing em- 
br\'o and the nursing child. These needs will be met by calcium drawn 
from the mother’s own body if she does not take an ac^ditional supply. 

Though children are smaller than adults, they are growing and 
building bony structure tlmt requires a relatively large amount of 
calcium. An extensive and intensive study of children .“1 to 13 years 
of age indicates that their average requirement also should be set at 
1 gram a day to provide for these needs and for individual diflferences. 
At least one investigator has recommended higher amounts for chil¬ 
dren of 15 to 16. The League of Nations’ Technical Commission on 
Nutrition recommends 1 gram a day as the standard. 

Phosphorus as well as calcium is necessary for the bones and teeth, 
but a much higher proportion of the phosphorus we consume is in the 
active tissues of the body rather than the bony structure, so that the 
daily turn-over is larger. It is not nearly so difficult, however, to get 
an adequate supply of phosphorus in the diet as to get an adequate 
supply of calcium. 

Bafance experiments indicate that the need for phosjjhorus is in 
proportion to body weight. The average minimum requirement has 
been determined as 0.88 gram for a 164-poun(l man or woman. Add¬ 
ing 50 percent as before gives a practical minimum requirement of 
1.32 grams. This is generally accepted as the standa.rd for adults. 
In the case of children, a recommended standard begins at I gram 
for boys under 8 and girls under 10 and increases gradually with 
increasing size up to the adult requirement. 

Iron and Copper 

The body of a healthy adult contains about one-tenth to one-seventh 
of an ounce of iron (3 to 4 grams). More than half of this is in the 
hemoglobin, or coloring matter of the red blood cells, where its func- 
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tioTi is to help in carrying oxygen to every cell of the body. Almost 
all the rest of the iron is in the liver, hone marrow, and spleen, waiting 
to be converted into hemoglobin as needed. Almost an ounce of hemo¬ 
globin is formed in the body every day to supply about a trillion new 
red blood cells. 

This work requires more iron than the food supplies. The addi¬ 
tional amount, over and above the food intake, comes from the daily 
destruction of old red blood cells. They give up their iron as they 
are destroyed, and it goes back to tbc bone marrow, which is a sort 
of hemoglohin factory, to be used again. However, the bone marrow 
cannot supjily enough iron from broken-down red blood cells alone. 
When too little iron is taken in the diet, too little hemoglobin is man¬ 
ufactured, and the resulting disease is known as nutritional anemia. 
According to recent studies, a reserve supjily of iron can be stored in 
the body if a generous amount is consumed in food. 

Almost twice as much iron must be taken in the food as is actually 
required. This is because a considerable part of the iron in foods is 
tied up in chemical compounds that cannot be used by the body. To 
say that a food contains so much iron is meaningless froni the nutri¬ 
tional standpoint. Analyses should show how much available iron it 
contains—iron that tbc body can use. For example, the iron in apri¬ 
cots, egg yolk, and calves’ liver is 100-percent available; that in whole 
grains, 95; that in prunes, peas, and orange juice, 75; that in beef and 
lamb, only 25. Foods with a high (lontent of available iron as well as 
a high content of total iron should be stressed in the diet when it is 
desirable to get a liberal amount of iron. 

Again, individuals differ in their ability to utilize available iron and 
manufacture hemoglobin. In other words, some individuals need more 
iron than others to get the same results. There are also periods of 
unusual demand by tlie body and unusual losses. These factors make 
it advisable to get a generous supply constantly to furnish a margin 
of safety. 

The infant is born with a store of iron in its liver. This is exhausted 
at about the age of 6 months. Milk has a relatively low content of 
iron, and unless additional amounts are sui>plicd, anemia may develop 
then, or perhaps around the age of 2 years. Border-line nutritional 
anemia is fairly widespread among children 6 months to 2 years 
of age. 

Api)arently nutritional anemia seldom occurs in children 5 to 11 
years of age. Adolescent girls, however, sometimes develop a disease 
known as chlorosis, whicli is now diagnosed as a form of anemia. 
Girls between 11 and 14 need a high intake of iron. 

Getting enough iron is perhaps seldom a problem with men, and 
they rarely have anemia. 

The situation is apparently different with women. The average 
hemoglobin content of the blood of women is about 10 percent less 
than that of men. But it is difficult to raise the hemoglobin content 
at all above the average in the case of men whereas it is easy to raise 
it considerably in the case of women. This suggests that women may 
be quite commonly abnormally low in hemoglobin. Women usually 
eat less food than men and woidd therefore get less iron. Their peri¬ 
odic functions are accompanied by a loss of hemoglobin. Anemia is 
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more prevalent amonfj women than men. Altogether, there are indi- 
oations that women need more iron than men; one investigator be¬ 
lieves they need four times as much. Pregnant and nursing women 
need additional amounts; anemia occurs freciuently during the latter 
part of pregnancy. 

Copper must be present with iron to form hemoglobin, although 
there is no copper in the lieinoglobin itself. Most of the supply in 
the body is stored iii the muscles, bones, and liver. In general, 
copper is found with iron in foods, so that there is little or no danger 
of a deficiency if the iron reiiuirement is mot. 

The following daily allowances of iron and of copper are suggested 
as a result of metabolism studies: 

Iron: 

Infant-. _ . -0.36 milligram pouiul of body weight. 

Preschool child--0.27 milligram j)er ])onnd of body \v<*ight. 

Boys and girls 5 to 11 years._ __ 9-11 milligrams. 

Boys over 11 years_ 13 milligrams. 

Girls over 11 years. __13 15 milligrams. 

Man_ . - _ 12 15 milligrams. 

Woman before m(*nopausc__ . 17 milligrams. 

Pregnant woman__ 20 milligrams. 

Nursing woman.. _ 17--20 milligrams. 

Woman after immopause_ 12 15 milligrams. 

Copper: 

Infant___1-1.5 milligrams. 

Child_ _ 1.5-2.5 inilligrams. 

Adult_ _ - -. _3.5 milligrams. 

Pregnant or nursing woman_3.5-4 milligrams. 

Iodine and Fluorine 

The thyroid gland contains a substance, thyroxin, wliich has 
powerful effects in regulating growth and the use of energy by the 
btxly. Iodine is a necessary element in thyroxin. Veiy little io<linc 
is needed, but failure to get enough results in the disease known as 
simple goiter. Human beings get their supply of iodine from food 
proilucts, which in turn have obtained it from soil or water. Sea 
foods arc all rich in iodine. 

There is a considerable “goiter bolt” in the Unitetl States where the 
soil and water are low in iodine. It stretches along the Appalachian 
Mountains to Vermont, through the Great Lakes Baisiii to the State 
of Washington, and southward over the Rocky Mountains and Pacific 
States. Preventing goiter in this region is a problem of supplying 
iodine in other ways than through food locadly produced. Foods 
known to be rich in iodine may be used, or iodine may be jwkled to the 
diet throiigh the use of iodized salL- 1 part of iodine to 100,000 parts 
of salt. The danger of ill effects from the latter method maiy be mini¬ 
mized by limiting the use of the salt to the first 20 to 30 years of life 
and periods of pregnancy aind lactation. Methods are under investi¬ 
gation for adding iodine to the food supply by way of fertilizers for 
the soil and iodine-rich foods for dairy cows and hens, which woidd 
increase the amount in milk and eggs. 

Fluorhie is poisonous to human beings in very small amounts. 
It affects the teeth, producing mottled enamel and structural weak¬ 
ness. The amounts ordinarily received in foods are not harmful, but 
in certain areas in 20 States in the West and Middle West, and in 
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several foreign countries, the water supply contains enough to be 
liarmful. The effects arc e^specially bad during the period of tooth 
formation, from birth to 12 years of age. An effective mctlu)d for 
removing fluorine from water by filtering through ground bone has 
recently been developed by the Arizona Agricultural Experiment Sta¬ 
tion. Tt is based on the fact that fluorine has an affinity for bone 
calcium, with which it readily combines. 

Trace Elements 

Certain minerals and other inorganic substances are commonly 
called trace elements because they arc found, in the body or in food, 
in very minute amounts, mere traces. With the ordinary chemical 
methods of analysis, the presence of many of them was never sus¬ 
pected. They were revealed by the spectrograph, an instrument 
used to show what the stars contain and to detect slight impurities 
in metals. Then it turned out that some of these trace elements in 
soils, in plants, in animal bodies, and in the human body, play an 
extremely important part in life processes. Without a little of .some 
of them, animals and plants become <liseased or die. But a little too 
much may also he fatal. Investigations in this field are only be¬ 
ginning. They have revealed tantalizing glim|)ses, fragments of facts, 
like a mystery story half told. The trace elements will be listed here 
with brief comments. 

Manganese: Found principally in the liver, pancreas, and the 
small ^ands (suprarenals) just above the kidneys. Rats deprived 
of manganese fail to reproduce normally; chickens have deformed leg 
bones (perosis). Apparently a little is necossar>^ in the diet, but too 
much is poisonous. 

Cobalt: Found in most of the organs of the human body. . In¬ 
creases the number of red corpuscles in the blood. Sheep suffering 
from the deadly “coast disease” in New Zealand and Australia are 
cured by cobalt sulfate—an ounce a <lay for 4,000 animals. 

Aluminum: Generally distributed in the body. No one knows 
whether it is necessary or not. The average person gets about I 
ounce in 6 years from food and cooking utensils. Not harmful in 
the amounts normally consumed. 

Magnesium: Apparently necessary for normal development. Ex¬ 
perimental animals deprived of it get convulsions and die. 

Zinc: Always present in human tissues, especially the sex organs 
and thyroid gland. Considerable amounts are stored in the liver of 
infants and in colostrum milk. Apparently necessary for normal 
development. 

Tin: Found in inany body tissues, especially the suprarenal glands, 
liver, brain, spleen, thyroid gland, and mucous membrane of the 
tongue. Apparently no harmful effects from amounts ordinarily 
consumed. 

Arsenic: Found in most body tissues, especially the liver. The 
amount in the blood increases in pregnancy and in cancer. Perhaps 
traces are essential in human nutrition. 

Vanadium: Found in some foods. ^ Not poisonous to experimental 
a, n imal s in relatively high concentrations. 

Selenium: (Causes the fatal “alkali disease” of cattle in certain parts 
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of the West where it is concentrated in the soil and in some range 
plants. Effects on human beings unknown. 

Bromine: Occurs normally in the blood; concentrated in the pitui¬ 
tary gland. Only half the normal amount is found in the hlood of 
those suffering from a certain type of insanity (manic-depressive 
psychosis). 

Boron: Found universally in plants and probably significant in 
hiiman nutrition. 

Nickel: Widely distributed in human tissues, especially the 
pancreas. 

Alkali metals: Caesium and lithium are occasionally found in animal 
tissues. Rubidium is wides|)read in the body, especially the liver. 
Unusually large amounts are found in the livers of infants dying from 
a certain constriction of the small intestine present at birth (congenital 
pyloric stenosis). Perhaps ruhi<lium is necessaiy for muscle growth. 

Barium, strontium, beiyllium: Barium is always present in the eyes 
of cattle. Both it and strontium are occasionally found in human 
tissues. Excessive amounts of beryllium produce severe rickets in 
experimental animals. 

Silver, gold: Silver is most concentrated in the thyroid gland and 
tonsils; reported also in blood, liver, uterus, ovaries, heart, spleen, 
kidney. The presence of gold in human tissue has not been demon¬ 
strated. 

Cadmium, mercury: Mercuiy has been found in human liver and 
in a number of foods. Cadmitim has not been reported in human 
tissues. 

Silicon, germanium, lead: Silicon is found in human tissues; causes 
a disease, silicosis, among workers inhaling large (piantities. Ger¬ 
manium is reported in blood—stiimdates the manufacture of red blood 
cells. Lead is fairly widesj)read in tissues; excessive c|uantities cause 
lead poisoning. 

Other trace elements about which even less is known include titan¬ 
ium, zirconium, cerium, thorium, antimony, bismuth, chromium, 
molvhdenum. 

VITAMIN NEEDS OF MAN 
Vitamin A 

Most people think of vitamin A as a yellow substance found in 
carrots, in green plants, and in certain animal products, including 
milk and fish-liver oil. Actually, however, plants do not contain any 
vitamin A. They do contain certain yellow materials—the carotenes 
and related substances—that can he converted into the nearly colorless 
vitamin A in the bodies of animals. 

When you eat carrots, then, you get no vitamin A; you get vitamin 
A “value” or vitamin A “potency” in the form of carotene that your 
body can use to make vitamin A. When you drink milk, you get 
vitamin A and also, usually, some carotene that has not yet been con¬ 
verted into vitamin A. When you eat egg yolk, you get some vitamin 
A and some yellow cryptoxantliin—related to carotene- which can be 
converted into vitamin A. 

Within the animal body, the liver is the §:reat storehouse for reserve 
supplies of vitamin A—hence the value of oils extracted from the livers 
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of fish. In plants, intense green color -as well as intense yellow -is 
usually a sign of high carotene content. Egg yolks, creain, and butter, 
on the other hand, may be ver>'^ pale in color yet high iii vitamin A 
itself as distinct from carotene. 

When animals are completely deprived of vitamin A, they^ cannot 
live very long after their own bodily reserves are used up. Short of 
complete deprivation, an inadequate supply plays havoc with the 
animal or human body. First the eyes are affected; they are unable 
to see well or perhaps tt> see at all in dim.light —a condition known as 
night blindness, which, incidentally, may be disastrous to anyone who 
drives an automobile. Next, in more severe cases, comes extreme 
muscular weakness and chang(‘s in the epitlielial or surface or skin 
cells, which become unable to function pro])erly. These cells cover 
every surface of the body, outside and inside, including the nose, 
throat, lungs, and the other internal cavities and organs. They are 
the body’s first line of defense against injury or against invasion by 
disease organisms; and when they are damaged, this defense is broken 
down. Finally, very acute stages of deficiency lead to xerophthal¬ 
mia—a serious eye disease that may cause comj)lete and permanent 
blindness. 

There is a popular belief that vitamin A ])revents infection -colds, 
for example. This is not the pre.sen( medical view. If the body is 
deficient in vitamin A, however, its resistance to infection is lowered. 
But if the body has a good store of vitamin A and the food supplies 
liberal amounts of this vitamin, a lot more vitamin A will not increase 
resistance to infection. 

The Bureau of Home Economics has been working with one of the 
newer methods for finding out how much vitanxin A people need. It 
depends on the fact that the eyes are (piite sensitive to lack of the 
vitamin. The subject looks into a device called a visual adaptometer, 
which first exposes his eyes to a bright light, then to darkness, then 
to a dim light. By varying the intensity of the dim light, tlxe adapt¬ 
ability of the eyes can be measured. Several jxeoplc have served as 
voluntary guinea pigs in this work, eating a diet in which the amount 
of vitamin A is accurately measured and rigidly coxitrolled. It de¬ 
veloped that some subjects jieeded twice as much vitamin A as 
others—a difference greater than can be accounted for by differences in 
bodily size. Also, carotexie was not as efficiently utilized as vitamin 
A itself. 

The average daily requirement of adults for vitamin A and caro¬ 
tene together is about 3,500 to 4,000 International Units. With a 
marghi of safety of about 50 percent, it is estimated that an adult 
should eat foods that will supply 5,000 to 6,000 International Units of 
vitamin A daily. The best available information indicates that 
vitamin A needs can be met by using such combinations of foods as 
these daily: 

Infants—small doses of cod-liver oil, beginning at a very early age. 

Children 2 to 14 years about 1 quart of whole milk; an egg or egg 
yolk; hutter; green, leafy vegetables; a half toaspoonful of cod-liver 
oil. 

Adults- -a pint of whole milk; an egg; two pats of butter; one 
serving of a leafy green or yellow vegetable. 
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Pregnant or nursing women—a quart of whole milk; an egg; one 
serving of a leafy green or a yellow vegetable; 1 teaspoonful of cod- 
liver oil. 

Vitamin Bi 

In the early days of vitamin research nutritionists interpreted their 
experiments to prove the existence of a factor in foods which they 
named “vitamin B.” It was gradually demonstrated that this sub¬ 
stance was really a group of vitamins, like a lump of ore containing 
several minerals. So far they have isolated and synthesized vitamin 
Bi; vitamin B 2 or G, now called riboflavin; nicotinic acid; and vitamin 
Bj. The presence of still other factors in this complex group of water- 
soluble vitamins has been indicated. Our knowledge of the need for 
these substances in human nutrition is rapidly progressing. 

Vitamin Bi was first synthesized in the laboratory in 1936 and 
given the chemical name “thiamin chloride.” It is a crystalline sub¬ 
stance easily soluble in water and destroyed by heat. Wlien present 
in foods it may be lost to some (extent in the cooking process, owing 
to the effect of heating and to loss when the cooking water is discarded. 

The vitamin is widely distributed in foodstuffs because every living 
cell, plant or animal, apparently has to have some thiamin chloride. 
It (iombines with phosphoric acid to form a substance that plays a 
vital part in the process of releasing the energy stored up by the sun 
in carbohydrate foods. The vitamin, as it is manufactured by the 
plants, is stored in the seed, doubtless to be ready for use when growth 
begins. 

The characteristic disease resulting from vitamin Bi deficicnejj is 
beriberi. Amot>g the early symptoms of beriberi are loss of appetite, 
nervousness, fatigue, stiffness. Later, the functioning of the heart 
may be affected; in wet beriberi the tissues swell up; m drjr beriberi 
there are changes characteristic of a chronic form of the disease; in 
acute pernicious beriberi there is eidargement of the heart. The 
nervous disturbance—or polyneuritis associated with beriberi may 
result in loss of control of the muscles anti in uncoordinated, jerky 
muscular contractions. When beriberi is not acute, the symptoms 
may be vague and hard to define. Again, beriberi may be compheated 
by other nutritional deficiency diseases, since lack of vitamin Bi 
affects the appetite and can easily cause a reduced consumption of 
several essential things in the diet. 

One of the landmarks in the history of modern nutritional science 
was the curing of an outbreak of beriberi in the Japanese Navy in 
1883. These sailors were living on a diet of polished rice and dried 
fish. When they were fed meat, vegetables, and milk in addition, 
there was no more beriberi. Later, it was found that the part of the 
rice that was thrown away—the outer coat and the germ—contained 
the substance that would have prevented beriberi in the first place. 
Rice polishings, wheat germ, and yeast are all potent sources of 
vitamin Bi. 

As with all deficiency diseases, beriberi can be prevented and cured 
by a well-balanced diet. The amount of vitamin Bi an individual 
reejuires is associated with the amount of energy he uses—jor more 
strictly, the amount he uses from carbohydrate and protein foods, 
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since thiamin chloride is tied up with the jitilization of energy from 
these foods by the body cells. There is little agreement on the 
amounts of the vitamin necessary for the best of health, and some 
uncertainty about oven the minimum recjuirements. The experi¬ 
mental use of pure crystalline vitamin Bi will doubtless help to clear 
up tlie problem. Meanwhile, the following daily requirements are 
suggested from present evidence; 

Infants—not known; it has been estimated that infants under 0 
months normally obtain not more than 50 International Units of vita¬ 
min Bi daily from mother’s milk. 

Children— same range as adults, depending on the amount of carbo¬ 
hydrate food utilized, which in turn depends on body weight and 
activity. 

Adults—135 to 450 International Units, depending on energy utili¬ 
zation (more liberal estimates run as high as 700 International Units). 

Pregnant and lactating women -600 to 700 Inteniational Units, or 
20 International Units per 100 calories of food consumed. (Fatal cases 
of infantile beriberi have been known to result from an inadequate 
supply of vitamin Bi in the milk of mothers on a very deficient diet.) 

Clinical conditions—an increased supply is probably needed as a 
result of high fever, an overactive thyroid gland, and diseases involving 
a large loss of water such as diuresis and diarrhea. 

Vitamin C 

That there is sometliing in citrus fruits and grecTi vegetables that 
prevents scurvy has long been known; sailors were called limeys 
m England because on long voyages they sucked the juice from limes 
to avoid the scurvy resulting from a limited diet. Modem nutri¬ 
tionists named this scurvy-preventing substance vitamin C. It was 
first synthesized in the laboratory in 1933 and now has the chemical 
name of ascorbic acid—equivalent to antiscurvy acid. 

Research workers in nutrition keep getting a little closer to an 
understanding of the part played by vitamins in fundamental body 
processes. The picture is very incomplete as yet, but it is slowly 
being pieced together, and some day it will be a fascinating panorama 
of life. In the case of vitamiii C, the picture shows that certain cells 
in the bones and teeth and elsewhere are surrounded by a firm jelly- 
like or cementlike substance, and that when the body is deprived of 
the vitamin, this substance beconies thin and watery. It is no longer 
effective in holding the cells in place. Housewives will be reminded 
of the function of pectin in jelly making. Ascorbic acid seems to act 
something like that in the body. 

It is also an oxidizing-reducing agent— that is, it readily combines 
with either oxygen or hydrogen—and this may be important in its 
body functions, perhaps accounting for the fact that it is necessary 
for the proper functioning of a substance in the blood (the bloo<i- 
serum complement) that acts as a primary defense against infections. 
After ascorbic acid has taken on a load of oxygen, it is no longer active. 
This means that it can easily be destroyed or damaged by exposure 
to the air. 

Some animals- -among them poultry, swine, and cattle—manu¬ 
facture their own vitamin C. Others, including man, monkeys, and 
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piinea pigs, must get it in their food. When they do not, several things 
happen. Diseases that would otherwise be resisted become dangerous; 
the walls of small blood vessels are weakone<l and break easily, pro- 
diicing small hemorrhages, called petechiae, under the skin; joints 
stiffen and feel sore; gums swell and bleed, and teeth loosen; wounds 
heal with difficulty, even when they are not infected. 

These are symptoms of a severe shortage of vitamin C. A milder 
deficiency may affect health witlmut any very obvious outward signs. 
The general lassitude sometimes calle<l spring fever, for e.xample, may 
be a result of vitarnin C deficiency. Continued, unaccountable rest¬ 
lessness and irritability in infants and young children may be a sign 
of deficiency. 

Earlier knowledge of vitamin C re(|uirements came from guinea pig 
experiments. Within the past 8 years, work has been done directly 
with human beings. Three methods are used. 

(1) An instrument that puts the blood under pressure is applied 
to the upper arm. If petechiae appear, the subject may be suffering 
from a shortage of vitamin C. The amount that will just prevent 
those tiny hemorrhages can be determined. But it is a munmiim 
requirement. It takes a rather severe shortage, such as may occur 
in diets in northern countries in the whiter, to produce petechiae. 

(2) The amount of ascorbic acid excreted in the urine of a subject 
is measured. The difference between this and the amount taken in 
the diet presumably measures what is iised by the body (though not 
exactly; there are unaccountable losses). The amount that will just 
keep the body in equilibrium, with the intake equaling the outgo, 
can be determined. But this too is a minimum requirement. 

This method can also be used to measure what may be an optimum 
requirement, or the amount most favorable to health. The urinary 
excretion of vitamin C is measure<l before and after very large test 
doses of the vitamin have been given. Not until the body is com¬ 
pletely saturated with all the vitamin C it can hold will there be a 
sudden large increase in the amount appearing in the urine after a 
test <lose. Some authorities think this saturation point represents 
the body’s optimum requirement. In the case of a guinea pig, satura¬ 
tion is not reached until the animal is consuming all the green foo<l it 
will naturally cat on a freely chosen diet. 

(3) The vitamin C content of the blood is measured while the 
subject is in a fasting condition. Within limits, this indicates the 
vitamin C status of the body as a result of the diet before fasting. 

From these tests and other <lata, tentative standards for human 
vitamin C requirements have been worked out, though it must be 
said that there is no universal agreement about optimum allowances 
as yet. Considerable evidence also exists in<licathig that exc-ep- 
tionalljy large amounts of vitamin C are nee<led in certain clinical 
conditions- -for example, gingivitis (bleeding gums) and pyorrhea, 
stomach ulcers, wounds, rheumatic fever, pulmonary tuberculosis, 
diphtheria, pneumonia. Does vitamin C play a part in preventing 
as well as curing some of the infectious diseases? There is growing 
evidence that it does, though just how no one knows. 

The suggested requirements given below are in terms of milligrams 
of ascorbic acid. One teaspoonful of orange juice contains about 2K 
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niillifjrams of the pure vitaniiu; 1 tablespoonful, about 1% ruillifjrams; 
1 fluid ounce, about 12}^ milligrams; M cupful (4 fluid ounces), about 
r){) milligrams; 1 cupful (8 fluid ounces), about 100 milligrams. Grape¬ 
fruit juice and lemon juice have about the same vitamin C c-ontent 
as orange juice; tomato juice has about half as much; pineapple juice 
a fourth to a third as much. There arc other fruits, and many 
vegetables, that are good .sources of vitamin C. 

Infants, from birth to 9 months—minimum, 10 milligrams; sug¬ 
gested optimum, 50 milligrams. (These figures are based partly on 
the amounts normally received by infants from breast milk with a liigh 
vitamin C content. In many cases, breast milk is low in vitamin C. 
There is often need to give ailditional vitamin C while the infant is 
nursing.) 

Children, 9 months to 6 years -minimum, beginning with 10 milli¬ 
grams, increasing gradually to 20 milligrams; suggested optimum, 
beginning with about 50 milligrams, increasing gradually to about 
100 milligrams. 

Older children-—no data available; the amounts for adults are sug¬ 
gested. 

Adults-minimum, 28-80 milligrams; suggested optimum, 100 
milligrams or more. 

Pregnant and lactating women— minimum, at least 80 milligrams. 

Elderly people- -minimum, 50 milligrams. (This is more than the 
minimum suggested for younger a<lults. There is evidence that 
elderly people cannot become adjusted to a shortage so well as younger 
people.) 

Vitamin D 

Sterols are organic compounds that occur in all natural foods. 
When certain sterols are exposed to ultraviolet light, they become 
vitamin D; and the vitamin D in some way helps the body to use cal¬ 
cium and phosphorus, which make bones and teeth. (There must be 
enough calcium and phosphorus, of course, for the vitamin to work 
with.) 

When a human being receives enough exposure to sunlight, then, he 
needs no vitamin D except what is formed by the sun from the sterols 
in his skin. He may even store up a reserve as a result of exposure 
during the summer. But with modem indoor living and smoky 
atmospheres, not enough ultraviolet light may reach the skin to create 
sufficient vitamin D. Then it is necessary to supplement the body’s 
natural supply. A commonly used supplement is fish-liver oil. 

A shortage of vitamin D or of calcium and phosphorus in infancy 
and early childhood means that the soft cartilaginous bone will not 
be converted into firm hard bone, and the bony framework of the 
body will not grow properly. The. condition that results is called 
rickets—a disease that has been quite widesi)read in this country in 
the past, and that is still an ever-present menace. 

Most of the work on human vitamin D requirements has been done 
with infants and young children because there is no adequate criterion 
of deficiency in older children or adults. There is some evidence to 
indicate that a considerable amount is needed to prevent decay of 
the teeth in older children and adolescents, especially during the winter 
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and spring. Some authorities believe that adults do not require any 
vitamin D in their diet except in the case of pregnant and lactating 
women, who must supply the needs of a new body. 

Legal standards for the vitamin D content of cod-liver oil require 
that 1 teaspoonful shall contain 312 II. S. P. (United States Pharma¬ 
copoeia) units as a minimum. It is possible to take too much vitamin 
D. According to the best knowledge tiow available, the daily vita¬ 
min D requirements in U. S. P. units, for individuals of various ages, 


are: 

Infants: 17. s. p. unitu 

Artificially fed---- 300 800 

Breast-fed- 300-400 

Premature. 600-800 

Children and adolescents .. 300-800 

Adults- Unknown. 

Pregnant and lactating women_ . 300 800 


Vitamin E 

About 15 years ago it was found that rats failed to reproduce unless 
there was a substance that was named vitamin E in their diet. The 
female conceived, and the fetus grew to a certain stage of development; 
then it was usually resorbed in the uterus. The males failed to pro¬ 
duce living spermatozoa, and there were changes in the tissues of the 
testes. Goats, however, have reproduced successfully for five gener¬ 
ations on diets apparently completely free of vitamin E. 

There is no certain evidence that human beings need this vitamin. 
Studies indicate definitely that wheat-germ oil—a rich source of the 
vitamin—is of no value in treating sterility. Reports published in 
Europe indicate that it was beneficial in about three-fourths of the 
cases of habitual abortion treated. Habitual abortion is repeated 
abortion in the early stages of pregnancy. It is not of common 
occurrence. 

Vitamin E occuis widely in common foods, and a deficiency would 
not be likely to occur. 

Vitamin G (Riboflavin) 

Vitamin G or Ba is one of the compounds found in the original 
vitamin B complex. It has now been identified as a crystalline sub¬ 
stance containing a siigar (d-ribose) and a yellow coloring matter 
(flavin), and it has been given the chemical name riboflavin. It was 
first produce<l synthetically in the laboratoiy in 1935. 

Like vitamin'Bi, riboflavin apparently combines with phosphoric 
acid and a protein to form an enzyme, which is said to be present in 
every living cell and is concerned with oxidation—the burning of fuel 
for living processes. It is therefore of fundamental importance. It 
is most abundant in organs in which rapid chemical changes take 
place—liver, kidney, heart, germ of the seed, green leaves—though it 
IS found in greater or less abundance in many common foods, includ- 
ingmilk, eggs, meat, fruits, vegetables, and grains. 

W^hen rats are deprived of riboflavin, their hair falls out, their skin 
becomes inflamed and swollen (dermatosis), the tips of their toes 
drop off. According to a recent description, a severe deficiency in 
man also produces an inflamed and scaly condition of the skin around 
the comers of the mouth, the base of the nose, and the ears. 
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Work by Sherman with rats indicates that a very liberal allowance 
of riboflavin over the amount necessary to prevent the first si^n of 
deficiency is worth while in terms of increased healthfulness. Prob¬ 
ably any well-balanced diet including a large variety of unrefined 
foods would provide a liberal allowance for human beings. 

The Pellagra-Preventive Factor 

The substance that prevents and cures blacktongue in dogs and 
pellagra in humans was first chemically isolated in 1937, and was 
found to be nicotinic acid amide. In the body, this substance func¬ 
tions as a part of an enzyme, necessary in the fundamental life proc¬ 
esses whereby energy is released from food for use by the.body. For 
this function, nicotinic achl combines with phosphoric acid, a purine, 
and a sugar. 

That the diets of pellagrins arc tleficient primarily in this substance, 
nicotinic acid, was discovered in the search for a cure for blacktongue 
in dogs, a disease so much like human pellagra that what will cure one 
will cure the other. 

Pellagra is primarily a disease of ill-fed people. Thirty percent of 
the population of Kg.vpt have been known to be aftected; 400,000 
cases annually have been reported in the United States; 10 percent of 
the inmates of asylums in the South have beiui mentally afiected as a 
result of pellagra. 

T’he disease affects the skin as symmetrical ai’eas that become red, 
roughened, scaly, and horny. It affects the digestive system; the 
tongue and the linings of the mouth and throat are inflamed; then 
the tongue and the linings of the mouth and the stomach become sw'ollen 
and ulcerated; there may be a lack of hydrochloric acid in the stonuudi, 
and severe diarrhea. It affects the nervous system; there is nervous¬ 
ness, dizziness, headache, numbness or paralysis of the extremities, 
degeneration of the spinal cord, loss of coordination, mental depres¬ 
sion, and finally hallucination, tlelirium, and insanity. 

This is the result of an inadequate diet, whether it is corn pone, 
sirup, and sow'belly or some other combination used by the ill-fed. 
These diets are deficient in nicotinic acid; the effects of administering 
this substance are dramatic and evitlent in a few days. The real 
preventive, however, is an all-round good diet. Because the diet 
that causes pellagra is a very poor one, other deficiencies than nico¬ 
tinic acid- notably vitamin Bi ami riboflavin—are likely to be in¬ 
volved, and the disease is commonly complicated by these other 
deficiencies. 

Human requirements for nicotinic acid are not known with any 
certainty. Foods that have high pellagra-preventive value, acconl- 
iug to the studies made by Goldberger and his associates of the 
United States Public ITealtb Service, who did pioneer work in this 
field, are yeast, milk, wheat germ, lean meats, liver, tomato juice, 
green vegetables, peas, and peanut meal. 

FOOD COMPOSITION 

Tables showing the composition of foods, painstakingly compiled 
from the results of hundreds of separate analyses made in many 
scattered laboratories, are the basis for all dietary calculations. With 



FOOD AND LIFE —A SUMMARY 


31 


thpse tables it is possible to plan diets that will meet certain nutri¬ 
tional standards, or to analyze the diets that people are actually using. 
Some tables show proximate, or approximate, composition—that is 
the amounts of water, protein, carbohydrate, fat, and total minerals 
in foods. Others deal with separate minerals and still others with 
vitamins. 

The first extensive tables of proximate composition were made by 
Atwater and Bryant in 1896. They are still used, along with others 
more recently pre])ared. New tables that bring the material up to 
date and include many foods not formerly listed are ready for pub¬ 
lication by the Department of Agriculture. 

In making analyses for proximate composition, the amount of water 
is determined by accurately weighing the material before and after 
drying, to see how much water it loses. Protein is determined by 
first finding how much nitrogen the fooil contains. This is multiplied 
by a certain figure— usually 6.2.5, since nitrogen is about 16 percent of 
most proteins—which gives a working estimate of the total amount 
of protein present. (It is necessary to go through a much more elabo¬ 
rate analysis to determine what kinds of protein a food contains.) 
Fat is determined by dissolving it out of the food with ether—hence 
fat is sometimes referred to as “ether extract.” Total minerals are 
determined by burning the food completely and weighing the ash, 
since minerals are not destroyed by burning. Minerals are therefore 
often referred to as “ash.” Carbohydrate is determined by figuring 
what is left over after these four other substances arc determined— 
hence it is sometimes called “total carbohydrate by difference.” 
Some analyses, however, break down the carbohydrates into sugars, 
starches, and crude fiber. 

Obviously some of these methods give results that are not strictly 
accurate. There are other sources of error in food tables. For ex¬ 
ample, the amount of certain minerals differs in different varieties of 
some fruits and vegetables, or at different stages of maturity; the 
amount of calcium in green cabbages is much greater than in white, 
for instance. Or the total amount of a mineral may not tell at all 
how mueli is available for use by the body. For example, in some 
vegetables caleium becomes tied up in an unusable compound with 
oxalic acid, and in iron-rich foods some of the iron may be in forms 
that cannot be used. 

For these and other reasons, food-composition tables leave much 
to b^ desired from the standpoint of comple-tc aiicuracy. In most 
cases this does not seriously interfere with their usefulness because of 
the large quantities of different foods eaten by the average individual 
over a considerable period of time, which tends to iron out minor 
errors. New or more refined analytical methods are needed in some 
instances, however, and food-composition data in general would 
benefit if more analyses were made with the nutritionist’s needs in 
mind. 

Existing data on the quantities of calcium, phosphorus, and iron in 
foods are by no means so complete as those on moisture, protein, carbo¬ 
hydrate, fat, and ash, and in many cases they are relatively crude 
approximations. They give enough information, however, to indi¬ 
cate what foods are excellent or good sources of each of these minerals. 
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to detennino in general whether a given diet is too low in any one of 
them, and to plan diets with safe allowances. Lists of foods rich in 
caloitiin, phosphorus, and iron are given in the article on Food 
Composition. 

No summary of the analyses of other minerals has been made by 
the Department of Agriculture, partly because the data are very mea¬ 
ger, partly bet'ause most of these minerals occur so commonly in foods 
that dietary deficiencies in any one of them, so far as human beings 
are concerned, probably occur only under special conditions. These 
minerals include sodium, potassium, magnesium, copper, cobalt, 
manganese, zinc, arsenic, sulfur, chlorine, iodine, and bromine. 

VITAMIN CONTENT OF FOODS 

The existence of the vitamins has been known for only 25 years 
or so, and only within the last few years has it been possible to see 
or touch any of them in a pure form; previous to that they were 
mysterious invisible things known only by their effects. Practically 
all of the analysis of the vitamin content of foods was carried out 
while they were still mysterious and invisible, when the oidy way to 
measure them was by their results in promoting growth or in curing 
certain disease conditions in animals—a most difficult and tedious 
method. It is not surprising, then, that measurement of the vitamin 
content of foods has been somewhat uncertain, though it is rapidly 
improving today. A considerable amount of information has been 
collected, however, and at least it is possible to say in most cases 
whether a certain food is an excellent, good, fair, or jioor source of 
any one of the better known vitamins. This is frec^uently enough 
for practical purposes, though the professional nutritionist needs to 
know actual quantities. 

Lists of the more common foods that are good sources of vitamins 
A, Bi (thiamin), C (ascorbic acid), D, G (rihollavin), and nicotinic 
acid (which is apparently the anti-pellagra substance) arc given in the 
article on Vitamin Content of Foods. In general, it may be said 
that yellow-colored and green-colored vegetables and fruits are rich 
sources of carotene, whicb becomes vitamin A in the animal body, 
and that liver, egg yolk, butter, cheese, and fish-liver oils are rich in 
vitamin A itself. 

Very few foods excejit fish-liver oils, egg yolk, and some fish natu¬ 
rally contain much vitamin I), though it is now put into some foods 
in two or three different ways. 

Citrus fruits and tomatoes are commonly thought of as the out¬ 
standing sources of vitamin C, but a good many fruits and vegetables 
contain considerable quantities, and it is quite ])ossible to make up 
for the lack of citrus fruits and tomatoes by good nieal planning. 

The richest sources of thiamin are whole-grain products, pork, 
chicken, kidney, liver, green i)eas and green lima beans, jieanuts, and 
dried peas and beans, but a considerable number of vegetables, fruits, 
and nuts are fair sources. 

Milk, eggs, meat, green leafy vegetables, whole cereals, and legumes 
all furnish liberal quantities of riboflavin. 

The foods that contain nicotinic acid in liberal amounts are in 
general lean meats, chicken, liver, milk, buttermilk, and certain 
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green leafy vegetables and legumes. Tomato juice is also listed among 
the foods useful in treating |)cllagra. 

Different varieties of the same fruit or vegetable vary in vitamin 
content, which is also affected in some cases by maturity, and in 
the case of animal products, by feeding practices. Storage quite 
commonly results in some loss of certain vitamins, and so do some 
methods of processing. Finally, cooking may be responsible for 
considerable losses unless care is taken to preserve the vitamin values. 
A few of the more important precautions the housewife can take are: 

Not to stir air into foods wliile cooking; not to sieve them wliile 
hot; not to use soda in cooking green vegetables; not to use long 
cooking processes when shorter ones are possible; not to fry foods 
valuable for vitamins Bi or C; not to use the open-kettle method 
for canning and preserving; and on the positive side—use as little 
water as possible; bring foods to the boiling point quickly; use the 
cooking water for soups, sauces, ami gravies; prepare chopped fruit 
and vegetable salads just before serving; begin cooknig frozen foods 
while they are still frozen; serve raw frozen foods immediately after 
thawing. 

PRESENT-DAY DIETS IN THE UNITED STATES 

From the practical standpoint, all of the modern work in human 
nutrition may be summed up as an attempt to answer three ques¬ 
tions: What do we need in order to be well nourished? Do we get 
what we need? If not, bow can we get it? 

A clearer answer than we have yet had to the second question—do 
we get what we need to be well nourished? can be found in two recent 
extensive surveys of the food-consum|)tion habits of American families. 

In a nutsliell, this answer is that all too many families in the United 
States have poor diets; some have fair or passable diets; and only 
relatively few have really good diets. 

All such surveys are based on samples of the jjopulation. These 
surveys cov(?red various regions throughout the country. None of 
the families included were on relief. One study represented various 
income levels, from low to high, and took in native-born groups on 
farms, in villages, and in small and large cities. The other included 
families of employed work(*,rs in cities only. There is every reason 
to believe that each sample of families was fairly representative of 
the population group studied. 

The standards for rating the diets as good, ])oor, or fair were based 
on tlie l)est information available from many sources. They can 
probably be considered conservative. Fight nutrients vital to health 
were includetl in these standards protein, calcium, phosphorus, iron, 
vitamin A, vitamin B, (thiamin), vitamin C (ascorbic acid), and 
vitamin G (riboflavin). 

To be rated as good, a diet had to contain not less than a certain 
definite quantity of each of these nutrients—not so large a quantity, 
incidentally, as some nutritionists advocate for a top diet. A diet 
was rated as fair if it contained not less than a certain minimum of 
each of the niitrients—a minimum considered necessary to escape real 
nutritional dangers. A diet with less than this minimum of one or 
more nutritive elements was rated as poor. 

141 :< 94 ° 31 )- 4 
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In estimating the nutritional needs of a family, the age, sex, and 
degree of activity of individuals were taken into account. The quan¬ 
tities of the nutrients in the foods consumed were computed from 
standard tables used by nutritionists. 

Farm families made a somewhat better showing, on the whole, than 
city and village families. Nutritionally, the ditference between a 
good or fair diet ami a poor diet appears to be related to the quan¬ 
tities of protective foods consumed—milk, eggs, vegetables, fruits. 
Farm families in general had more of these foods bccaiuse they are so 
commonly produeetl on the farm for liom'e use. Even so, farm diets 
frecpicntly failed to include enough fruits and vegetables. Village 
families fared worst, perhaps because they neither produce for home 
use nor have large city markets available. 

A common cause of failure among city and village families to get 
enough protective foods is a lean pocketbook—at least so far as low 
expenditure for food is a sign of a lean pocketbook. For example, in 
North Atlantic, cities, families spending $4 a person a week for food 
bought five times as much citrus fruit and three times as much of the 
leafy, green, and yellow vegetables as those spemling .$1.60 a person. 
In general, purchases of milk, butter, eggs, meats, and succulent 
vegetables went up as food expenditures increased. 

On the other hand, the reason for poor diets is by no means entirely 
economic. For example, there were enough actual eases to prove 
that a diet rated good could be bought by city and village families for 
as little as $2.50 a person a week. Some 65 percent of the city and 
village families surveyed were spending at least this much, but not 
many of them bought really good diets. 

It is perhaps fair to assume that if something over 3 out of 10 city 
and village families spend too little to get a really good diet, another 
equally large group fails because families do not know enough about 
nutrition or are not good enough managers to get anything b\it a 
poor or fair diet. 

But in defense of the housewife it should be added that it is a more 
discouraging job, and it takes more wisdom and ingenuity, to get a 
good diet when expenditures must be quite limited than when they 
can be generous. 

Certain regional and other differences were brought out by the 
survey. For example, families in Pacific coast cities use more citrus 
fruits, succulent vegetables, and milk (even so, only a pint a person, 
children included) than any other group studied. Southern Negroes 
use more fish, pork fat, and watermelons than anyone else. 

Long-time trends in food consumption in the United States show 
increases in the use of certain protective foods, notably citrus fruits 
(a phenomenal rise), milk, and some of the vegetables. The con¬ 
sumption of meat has declined somewhat. Among foods notable as 
cheap sources of food energy, the consumption of sugar has increased 
. and that of grain products and potatoes has decreased. 

PLANNING FOR GOOD NUTRITION 

Anyone could easily arrange a good diet if it were possible to tell 
by looking at, tasting, or smelling a food what vitamins, minerals, 
and other nutrients it contains, and how much. Since this is not 
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remotely possible, the average jjerson bent on achieving good nutrition 
must cither figure out a diet from elaborate food-composition tables, or 
accept the recommendations of reputable nutritionists. And the 
nutritionists have their own troubles trying to put what they know into 
practical terms that almost anyone can use in planning daily meals. 
ITnless that can be done, research in nutrition is more or less academic. 

One of the most useful methods so far devised is the four-diets plan 
worked out by the Bureau of Home Economics. The central idea in 
this method is that practically all of the scores or hundreds of foods 
people cat can be divided into a dozen broad groups, each of which 
makes some major contribution to our needs. In arranging a diet, it 
usually does not matter much what particular foods we choose from 
each group, so long as wc keep the right combination of groups in 
the right amounts; and these combinations and amounts arc given in 
the diet recommendations. Twelve major groups are used: (1) Milk 
and milk products; (2) potatoes and sweetpotatoes; (3) dry, mature 
beans, peas, and nuts; (4) tomatoes and citrus fruits; (5) leafy, green, 
and yellow vegetables; (6) other vegetables and fruits; (7) eggs; (8) 
loan meat, poultry, and fish; (9) flours and cereals; (10) butter; (11) 
other fats; (12) sugars. 

This has several advantages. It gives people a wide clioice among 
individual foods, so that if they do not like a particular food, or if 
they cannot afford it, or if it is temporarily scarce and high-priced, 
they can take some other food from the same group and still be sure 
that the diet as a whole is properly balanced. In other words, 
arranging a diet by quantities of food grouj)s permits the maximum 
flexibility without being so loose and vague that there is danger of 
missing something imj)ortant, or so specific that only a few people 
would follow the recommendations. 

But even this would not be enough to suit all income levels. Not 
only do individual foods differ in price; some groups of foods always 
tend to be liigher priced than others because of the economics of pro¬ 
duction. People who have very little to s|)en(i for food arc [)racti- 
cally compelled to cut down on the milk-aiul-milk-products group, 
the egg-meat-fish group, and the citrus-tomato group, for example, 
and to place more emphasis on flour and cc'reals, potatoes and sweet- 
potatoes, and dry legumes and nuts. And the more this kind of siib- 
stitution is necessary, the harder it is to arrange a diet that will give 
real protection against those ills that come from getting too little of 
some very important mineral or vitamin. For, broadly speaking, the 
foods that tend to be more ex|)ensive are often the ones that are 
richest in these vital protective elements. 

This is the reason why there are four diet recommendations rather 

than only one. . ■ , , 

One plan is called “an expensive good diet”; it includes liberal 
quantities of the more expensive- and in general more highly pro¬ 
tective—food groups. Even here, it is possible to be comparatively 
economical, or to go in for tbe highest-jiriced foods or those especially 
valued for certain qualities of flavor. _ . . 

Another plan is called “a moderate-cost good diet.” Nutntionally, 
this is about equal to the more expensive good diet, but it is worked 
out with economy definitely in mind. 
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Another plan is calle«l “a low-cost good diet.” Here the quantities 
of certain protective foods are less liberal, but the diet is still definitely 
gotxl. 

Each of these three plans allows a margin of safety that, according 
to modern knowledge, will contribute to better-than-average health. 

Finally, there is “an economical fair diet.” The use of the word 
“fair” instead of “good” is the significant point here. In this diet the 
<(uantities of protein and of important minerals and vitamins are con¬ 
siderably closer to the minimum necessary for protection than they 
are in the. good diets. The fair diet is considered adequate for pro¬ 
tection, but it is highly probably that any diet below this level, followed 
for any length of time, would be tlangerous to health in one way or 
another. Yet many people are below this level habitually. 

The four recommended diets are given in four tables in the article 
on Planning for flood Nutrition and cannot be repeated in this brief 
summary. The tables show the <|uantities of each of the 12 food 
groups for individuals of different ages and degrees of activity, so that 
they can be use<l in making plans for an entire family. They can also 
be used as a basis for bringing foo»l production at home definitely in 
line with good mitritional standards. 

These dietary rceomniendations are not to be considered as ideal. 
Some nutritionists would undoubtedly go beyond them in certain 
respects. But the recommendations are basecl not only on what is 
desirable, but on a painstaking study of existing American food habits, 
which affect both our production and our markets. The suggesteil 
plans take these habits into consi<lcration instead of recommending 
what might be ideal but not in line with our habits. 

Two tilings should be kept in mind as a result of the great mass of 
modern nutritional research. The first is that free choice of foods is 
not a safe guide to good nutrition at any economic level unless it is 
backed by understanding, any more than instinct is a safe guide to 
avoiding disease. Knowledge is necessary, and the well to do as well 
as the poor can lack this knowledge and suffer from nutritional defi¬ 
ciencies as a result. The second is that good nutrition cannot be 
attained without going to some trouble and taking thought. Even 
the simplest rule-of-thumb method requires some trouble in meal 
planning. Until we are all so accustomed to right eating that it 
bcixunes practically automatic—if that is possible—we shall have to 
use just as much care here as we do in other things that are vital to 
health. 


MICRO-ORGANISMS IN FOODS AND FOOD PRESERVATION 

Micro-organisms spoil foods, ami they are also iised to make and 
preserve foods. In one sense even the spoilage oi^anisms are bene¬ 
ficial. They take part in the process of decay by which the earth 
gets rid of surplus material and uses it over again for new living things. 

Fruits are attacked principally by yeasts and molds, which can 
tolerate the fruit acids. Cold storage, which slows up the living 
processes in the picked fruit ami retards micro-oiganisms, is the 
principal method of preservation, though wrapping and surface 
coating are also used. Fruit juices are attacked by molds, and they 
are also fermented by yeasts, which convert their sugar into alcohol 
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Riid cftrl)OTi clit)xi(lc, tlu^d Hwctorifl convert the ulcoliol into fl-cetic 
acid. Pasteurizing, fdtering, and freezing are used to prevent these 
spoilage processes. In the case of vegetables, bacteria and molds 
arc the attacking oi^anisins; some of the bacteria convert soluble 
sugar into sour-smelling lactic acid. Fresh vegetables should be 
handled rapidly, kept cool with a free circulation of air, and not 
placed in lai^e containers or piles. 

In the case of frozen foods, the secret of preventing spoilage lies 
almost entirely in using absolutely fresh products and handling them 
properly before freezing and after thawing. In the case of canned 
foods, improper processing permits certain micro-organisms to sur¬ 
vive, including bacteria that [iroduce gas, which swells the can, and 
others that produce acid, which turns the food sour. Kggs that are 
improperly hamlled may liecome heavily infected with bacteria, which 
cause decomposition. Fggs to be broken and frozen must be handled 
with special care. Milk is readily soured by lactic acid bacteria or 
otherwise spoiled by micro-organisms. The preventives of spoilage 
are sanitary handling, cold, and pasteurization. Meats can be kept 
comparatively free of spoilag«' by proper cold-storage methods, and 
by salting, smoking, drying, and freezing. 

d'hc use of micro-organisms in the manufacture and preservation 
of foods includes wine and beer making by controlled fermentation 
with yeast; vinegar making with bacteria that convert alcohol into 
lactic acid; bread making with yeast, which firoduces carbon dioxide 
that causes the dough to rise; the making of pickles and sauerkraut 
with bacteria that convert sugar into lactic acid; cheese making with 
bacteria and, in some cases, molds; butter making with lactic acid 
bacteria that turn the cream sour; and the production of various 
sour and fermented milk drinks. In many of these processes, the 
particular micro-oi-ganism used produces a distinctive flavor that is 
valued in the finished product. 

ENZYMES IN FOODS AND FOOD PRESERVATION 

In general, the same precautions used to prevent spoilage by micro¬ 
organisms are also used to prevent spoilage by enzymes. Whereas 
micro-organisms must enter food materials from the outside, enzymes 
are chemicals that arc already present in the food; in fact, they are a 
part of it, necessary to life processes. After the death of the food 
material many of these enzymes continue to function, causing the 
food substances to disintegrate—a. process known as autolysis or 
self-digestion. 

Fruit is still alive when stored, and it continues to take in oxygen 
and give off carbon dioxide at an increasing rate until it is fully 
ripe and to undergo internal chemical changes. The “breathing” or 
oxidation depends on enzymes. In the process, heat is produced. 
A great deal of heat may be produced in a cargo of fruit, and it builds 
up rapidly. For this reason, precooling is extremely important to 
slow down respiration before shipping or storage and minimize the 
build-up of heat. A liigh concentration of certain gases—carbon 
dioxide or ethylene—will also slow down respiration. 

Meat is dead when stored and does not respire, but enzymes cause 
other changes, among them the decomposition of protein and of fat. 
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Both low temperature and carbon dioxide are iised to slow down the 
decomposition processes. In a recently developed method, the meat 
is encased in a tight-fitting rubber bag. 

Eggs deteriorate very rapidly and should be brought to a low tem¬ 
perature as soon as possible after being laid. A few hours at this 
time may mean a difference of several weeks of possible commercial 
storage. It is also important to prevent evaporation in eggs, since 
this increases the size of the air cell and lowers the candling grade. 
lx)W temperatures (above freezing) are iiscd for egg storage, as well 
as carbon dioxide. The shells may also be coated with oil to seal 
the pores. Sometimes air is pumped out of the egg with a vaciiuin 
])ump before the oil is applied. 

The whole problem of food storage is extremely important for man 
because of its effect on economy of prochiction and on assuring a con¬ 
tinuous and convenient food supply. Scientific research has made 
possible many things that could not be done in the past, but there is 
little doubt that the future will see achievements in safe storage that 
may be even more revolutionary. 

UNITED STATES MEAT INSPECTION 

Meat inspection by the Federal Government began in 1890. Today 
about two-thirds of the domestic meat supply—mostly the part 
intended for interstate shipment-is prepared under Federal super¬ 
vision and inspection. Imported meat foods are examined for com¬ 
pliance with United States requirements. The stamp or label, “U. S. 
Inspected and Passed,” is the consumer’s assurance that the meat or 
meat product was derived from healthy animals and was prepared 
in a sanitary manner. 

Inspection begins at the packing plant with the live animal. Unfit 
animals are promptly condemned and destroyed, and any in doubtful 
health are marked and placed aside for special slaughter and inspec¬ 
tion. Throughout the whole process of slaughter and preparation, 
the carcass and its parts arc repeatedly examined, and eliminations 
may be made at any point. Repeated inspections are also made 
throughout the preparation of meat procbicts. Nonmeat ingredients 
used in these products must also be officially approved. Pork 
products intended to be eaten uncooked must be subjected to special 
treatment at inspected establishments to destroy trichinae that may 
be present in the meat. False and deceptive labeling is prohibited. 
Packing plants must be constructed and equipped in prescribed ways 
to insure sanitation and provide facilities for inspection. Several 
hundred veterinarians and assistants are engaged in this extensive 
work. 

A large amount of unfit meat is destroyed each year, though it 
amounts to only a small proportion of the total prepared for consump¬ 
tion. In many cases danger spots in different parts of the country 
for the spread of animal diseases have been located as a result of the 
meat-inspection work. 

SUPERVISION AND INSPECTION OF MILK 

Most of the control over market milk and cream is exercised by State 
and municipal authorities. There are three objectives in this work: 
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(1) ManitenaTice of nutritive value. State laws still show a 
considerable variation in the inuniiiuin content of fat, solids not 
fat, aiid total solids in fluid milk, though the trend is toward 
uniformity. 

(2) Prevention of fraud. Fraudulent labeling---‘'Special Baby 
Milk,’’ for example has been greatly reduced, though some doubtful 
claims are still made. 

(3) Sanitation. Most milk inspection centers around sanitation. 
Almost all cities and towns have milk-inspection ordinances, but some 
communities arc quite apathetic about enforcing them, tliough the 
cost per capita is very small—not over 10 cents a person a year, 
wSanitary inspection bcgiiis with examining the cow for certain diseases 
and infections such as bovine tuberculosis, Bang’s disease, and udder 
infections. Personnel, quarters, and equiiunent at the dairy must 
be inspected. Bacterial counts on milk are made with varying 
frequency in different communities. Milk-pasteurizing and process¬ 
ing plants must have close supervision. 

Many cities classify milk into grades. These vary considerably, 
but several hundred localities have adopted a uniform system advo¬ 
cated by the United States Public Health Service. 

FOOD GRADES AND THE CONSUMER 

Grade standards are in use for most food products, but they were 
mostly developed for the wholesale trade and the use does not reach 
through to the consumer. A dealer need not look at a properly 
gradecl product; he cau buy it by grade and know what he is getting, 
since the grade stands for certaii) well-defined qualities. In most 
cases, the Federal Government or the States set these commercial 
grades, which may be either prescribed or voluntary. 

The consumer can seldom buy by objective grades like the dealer. 
He can only liope that he will get a better grade if he i)ays a better 
j)rice. Yet commercial grades are for the most part based ultimately 
on (ionsumer preferences, and if it is possible to grade a product for the 
dealer, it should in many cases be possible to grade label it for the 
consumer. The consumer would thereby get the same kind of advan¬ 
tage the dealer gets. He could be more sure of gctthig his money’s 
worth, and to the extent that he could buy more efficiently, his real 
purchasing power would be increased. 

Where consumer grade labels were used, they would have to b('. as 
simple as A, B, C or 1, 2, 3. It is possible for grade labels to be so 
confusing as to be useless. Consumer grade labels should be unifonn 
as between different foods. Grade labels would not necessarily 
eliminate private brand labels. Some caimers and others are already 
labeling canned foocls with A, B, C statements of quality. 

Meat, butter, and eggs are now sold in some places by consumer 
grade labels. Sanitary inspection and stamping for wliolesomeness 
should not be confused with consumer grade labeling. Nor is the 
term “substandard,” which must be used on some food products 
under the Food, Drug, and Cosmetic Act of 1938, a true grade-label 
system. It merely indicates that a certain product falls below a cer¬ 
tain minimum standard of quality, though it is wholesome and 
nutritious. 
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WHAT THE MODERN HOMEMAKER NEEDS TO KNOW 

A family Christmas dinner in the Maryland tidewater in 1680 : 
Oysters on the half shell, turtle soup, ham, venison, turkey, duck, 
potatoes, sweetpotatocs, other vegetables, jellies, conserves, pickles, 
cider, home-made wine, pumpkin pie, mince pie, aj)ple pie, custards, 
syllabubs, other desserts, coffee, sweetmeats. Practically none of this 
was bought at a store, and practically everything was locally produced, 
home-prepared, and home.-cooke<l. 

A motlem Christmas dinner in a city apartment with a kitchenette: 
Cocktail from the drug store in the basement, canned oysters, canned 
soup, wafers from a box, frozen turkey, canned cranberry sauce, 
quick-frozen lima beans and spinach, sweetpotatocs, salad with dress¬ 
ing from a jar, pie from canned pumpkin and canned mincemeat, 
raisins and salted nuts from packages, coffee. Every item comes from 
the store, almost all are assembled from distant places, and home 
preparation is reduced to a minimum. 

The contrast shows what has happened in a money economy where 
production and processing have become commercialized and very few 
people any longer produce anything for themselves. 

The change demands new skills on the part of the housewife. She 
no longer has first-hand knowledge of a hundred things her ancestors 
knew about food production and preparation. Her early framing is 
entirely different. At the same time, modem methods ha'vie added 
enormously to the cost of food for the consumer. In the city espe¬ 
cially, her need now is to know, not how to produce, but how to get the 
most value for what she spends; and this involves first a knowledge 
of the what and why of a good <liet, in terms of food groups in which 
individual items'can be shifted around to meet the demands of econ¬ 
omy. She needs to be able to make a broad diet pattern, to plan meals 
well ahead, to take advantage of bargains and shifts in food prices. 
She needs to know brands and grades from the standpoint of quality, 
and the nutritive values of unrefined as compared with refined foods. 
Basically, in fact, she is a purchasing agent nowadays, and she needs 
to be a wise and canny purchasing agent. 

On the farm, the situation is different. Good nutrition is very 
largely an economic as well as a physical problem, and much may be 
gained by adapting the older skills in food production and food prepara¬ 
tion to modern needs. Farm people can have good diets at a low 
cost if they will short-circuit distribution costs by producing and 
processing their own foods. But for the greatest effectiveness, this 
too should be done—especially the planning of production—with an 
understanding of nutrition and food values. The farm housewife can 
do what her ancestors did and do it more intelligently and more 
easily with the aid of modem science and some modem equipment. 
It is a question, too, whether even the city or suburban housewife 
could not gain economically by doing more processing at home, as in 
the case of canning and baking. 

BETTER NUTRITION AS A NATIONAL GOAL 

It is true that we are onlv at the beginning of knowledge about 
human nutrition, but it is also true that enough is now known to 
give better health, greater vigor, and longer, more useful lives to 
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iniineiise numbers of people if the knowledfje could be genernlly applied. 

Farmers have mueb at stake in any effort to do this. They are 
bunlencd witlj surpluses of food tlial many peoj)le badly need. Kais- 
ing the nutritional level of the Naition would wipe out'many of these 
surpluses comi)letely; and if the level were raised high enough, it 
would necessitate greater |)rodnotion of some footls than we now have 
or have ever had. 

There is nothing mysterious about the practical application of 
modem knowledge of nutrition. Leaving out all the technical 
details, it says simply that the majority of peojde need to get more 
milk and milk products, eggs, and certain fruits and vegetables than 
they now get. 

What stands in the way of their getting more? P'or one thing, 
lack of money. Many people cannot afford to buy enough of these 
foods. In a recent survey, if was found that city families in most 
parts of the country that spent loss thati $1.25 a person a week for 
food had ])oor diets. For another thing, luck of understanding. 
Even at a quite low level of expemliture it is possible to get a fairly 
good diet— if you know what to buy. Tint a great many people with 
plenty of money do not know, or do not can^. 

A]jparently there is a certain level of expenditure at which people 
can hardly help geffing an adecpiate diet. That is when they spend 
at least $6 a person a w('ek for raw food materials. This is $312 a 
person a year, or $1,248 for a family of four. The income required to 
permit such an expenditure, assuming that 25 to 30 percent is spent 
for food, would have to he over $5,000 a year for a family of four. If 
every family had an income <!omparable to this and spent this propor¬ 
tion for food, none would need to be ill-nourished. 

But there is no possibility that in any near future the problem will 
he solved in such a generous way as that. 

(^an progress toward better nutrition he made in any other way? 

It can he made (1) if people with more limited food budgets—■ 
which means the vast majority—will learn how to get the best diet 
possible for what they have to speiul; and (2) if those at the lowest 
income levels can have their purchasing power increased enough to 
attain at least a fair if not a really goo<l diet. 

How much increase would this mean for the latter group? Studies 
hulicatc that to reach the level of fair nutrition the poorly fed family 
of average size would have to spetul some $60 a family a year more for 
protective foods than it now spends; and that to spend this extra $60 
for protective foods, families now spending $250 to $750 a year for 
living would have to have an additiomd $150 to $250 a year. Such 
figures are tentative, but they indicate the nature of the problem. 

Such increased purchasing power, of course, can be attaine.d in more 
than one way. It can bo attained by (1) direct increases in income 
through higher pay and more and steadier eniplojment; (2) lower 
prices for food—for example, through lower distribution ensts; (3) 
giving away food, as in the case of people on relief. Or it can bo 
attained by any combination of these methods. 

For families living in the country, the problem is somewhat differ¬ 
ent. They can accomplish much by more and better-planned home 
production. 
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Education would have to accompany any of these methods. But 
education is taken for granted in the United States. The prohlem 
here is no different from that in many other aspects of life. 

It is hard to escape the conclusion that any widespread, major 
improvement in nutrition among the lowest economic classes depends 
in large degree on the first method—directly increasing incomes that 
are now inadequate. In this respect, nutrition is simply one aspect 
of the whole problem of improving the standard of living^ Yet much 
could undoubtedly be done by indirect methods. 

Those who cannot now afford even an economical fair diet are 
largely among those with incomes of less than $750 a year. These 
income classes include 32 percent of all the families and single indi- 
vi<luals in the country. An additional $150 to $250 a year would bring 
their incomes up to an average of somewhere near $750 a year. 

How’ much of an mcreasc in the total national income would have 
to be made to bring this group up to this level? 

If the incomes of everyone else were increased in proportion, the 
tot al national income would have to be nearly $100,000,000,000 (1935- 
36 values). Actually, in 1935-36, it w'as only $59,000,000,000. Such 
an increase would certainly have to be a long-time, not an immediate, 
objective. 

But suppose, instead of increasing all incomes, only the incomes of 
the lowest f?roui) were increased up to a level of $750 a year. Tliis 
would retjuire only about $4,000,000,000 more than the 1935 36 
national income. 

Or again, suppose the national income were not increased at all. 
Then, to raise the incomes of the lowest group up to $750 a year, 
about $4,000,000,000 would have to be siphoned off from the upper 
levels and added to the lower levels. 

These three methods -and there might be others- are given only 
as examples to show the nature of the problem. In practice, economic 
policies do not work out in such a clean-cut way. There are always 
mixtures of various methods. 

Wliat stands in the way of achieving a national income of $100,000,- 
000,000, which might put everyone to work and raise all income levels? 

One theory is that the present distribution of incomes permits too 
much saving. Large savings are advantageous in periods of rapid 
expansion, as in the jiast in the United States. There is then plenty 
of opportunity to invest the savings in productive enterprises, and 
this puts people to work and increases consumption of goods. But 
when there is no rapid expansion, the savings lie idle. The only way 
they could be invested profitably on any considerable scale would be 
in industrial improvements that would lower the prices of consumer 
goods and thus permit larger volume sales to the vast group of people 
with comparatively low incomes. 

According to this theoiy, when the distribution of incomes is such 
that most people are below the average of incomes as a whole, and 
when other factors of growth are lacking, then it must be possible to 
keep lowering prices through greater efficiency if there is to be con¬ 
tinuous industrial expansion and opportunities for the profitable invest¬ 
ment of savings. Lowering prices because of distress will not do. It 
leads to bankruptcy, not profits. 
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If this cannot be done, tlien tlie savitifjs keep accumulating!: with Jio 
place to fjo. T. he amount of idle capital j^rows larger, the number of 
idle men also grows larger, prices are forced down below the point 
where any profit can he made; there is general distress; and through 
capital depletion, the savings themselves may ultimately be eliminated. 

If this viewpoint is correct, then otie remedy would he to prevent 
the accumulation of idle savings. That would mean changing the 
distributiot! of incomes just enough so that those at the lower levels 
would have more purchasing power and those at the upper levels 
would not be able to pile up idle funds. The theory is that industry 
would then he stimulated through increased mass |)urchasing ])ower 
and there would a^ain he opportunities for profitable investment. 

According to this viewpoint, then, to bring about any really large 
increase in the national income to, say, $ 100,000,()()(),0()0—there 
would have to be cither some great op|)ortunity for e.xpansion, such 
as the United States has seen in the past, or else an increase in mass 
purchasing power at the expense of i<ile savings. 

How about the other two possibilities mentioned for increasing the 
purchasing power of the lowest group only, without waiting for any 
great increase in the national in(x)me? 

One way to do this is for the (lovernment to subsidize the lowest 
group enough to enable them to increase their nurchascs up to the 
point where they could be adequately nourished, just as the upper 
groups have been aided through tariffs, loans, and grants. 

There are strong arguments for doing this. Tt would be a national 
invest?nent, not in <lurahle goods but in durable (Consumers—an in¬ 
vestment in improved human health and human vigor. It would 
also take care of some farm surpluses and help to prevent the decline 
of farm prices to points that moan ruin for both farmers and the soil, 
as well as for industry. 

Free distribution of food to destitute and undernourished families 
is already an accomplished fact. During the past 4 years, the Federal 
Surplus Commodities Corporation has bought and distributed to 
welfare agencies almost 3,000,000,000 pounds of sui-plus foods. 

There are several possibilities for increasing the purchasing pow(!r 
of low-income consumers imlirectly by emibling them to buy foods 
at low prices. One of these is the food-stamp plmi now being tried 
in several cities. According to this plan, families buying orange- 
colored foo(l stamps are given, free, a certain number of blue stamps, 
exchangeable for products designated as surplus foods. In effect, the 
plan increases the y)urchasing power of these families for all foods 
by about 50 percent. It is too early to tell how this plan will work. 
It can readily be modified. It should be given a fair trial and care¬ 
fully studied as one possible solution for part of the problem of 
inadequate nutrition in the midst of surplus production. 

Again, when the consumer spends $1 for food, less than 50 cents 
of it goes to the farmer. The cxjst of the food is riiore than doubled 
between the farm and the consumer. This indicates how worth 
while it woidd bo to reduce distribution costs. The Department of 
Agriculture is devoting intensive study to this problem. 

Now what would be the effect of a higher level of consumption on 
agriculture? 
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To raise the level of consumption to that required for everyone to 
attain a moderate-cost good diet (as outlined in this book) would 
probably recjuire about 285 to 295 million acres—slightly higher than 
the acreage required for recent actual levels of food consumption. 

To raise the level to that needed for an expensive good diet would 
require 30 to 40 million acres more than that necessary for recent 
actual levels of consumption. 

To raise the level only to the point where every family could select 
an atlequate diet suited to its income wouhl require no great increas*' 
in total acreage, but agricAdturc would benefit from substantial 
increases in the consumption of several food products. 

There can be no doubt about the ability of agriculture in the 
United States to meet sxich changes in consumption if they occurred. 
There would probably be a quick response to any effective increased 
demand for any product. The critical question for American farmers 
is not whether they can meet the demand, but whether, in meeting it, 
they can be assured of a fair return for what they produce. 

PART 2. ANIMAL NUTRITION 

SOURCES AND CYCLES OF THE NUTRITIVE ELEMENTS 

Tn general, animals can only release or use eiiergy from foods to 
meet their own re(juirements for growth, inteinal activity, move¬ 
ment. and work. Green plants not only release energy; they can 
also store up largo quantities in excess of their requirements. They 
capture the energy of the sun and store it away in sugap and starches 
and many other compomuls, which they make out of simple elements 
obtained from the soil, from water, and from the air. Neither ani¬ 
mals nor plants that are not green (such as fungi and bacteria) can 
use the energy of the sun in this way. They must get their energy 
supply directly or indirectly from compounds prepared by green 
plants. All that man has done, including the building of the pyra¬ 
mids and the newest World’s Fair, has been done with energy from 
the sun stored up by green plants. 

Plants would exhaust the supply of elements needed to make energy¬ 
storing compounds except for one thing—the compounds are broken 
down as well as built up. Both animal bodies and plant bodies 
eventually decay. Their proteins, carbohydrates, and other com¬ 
pounds then give up the simple elements of which they are made, 
and these are returned to the soil, the water, and the air to be used 
over again by green plants. The process is a great cycle of life in 
which construction oalances destruction. And there are minor 
cycles for each element used in life processes—a nitrogen cycle, a 
carbon cycle, a calcium cycle, and so on. 

Underneath all agricultural practices there is a guiding principle, 
but we do not have enough knowledge to see it or follow it clearly. 
The principle is to carry out this cycle of destruction and construction 
economically—to see that plants, animals, and man utilize raw ma¬ 
terials efficiently to build up the products of life, and that these pro(I- 
ucts are broken down efficiently into raw materials that can be used 
again. Whoever can devise simple metho<ls that further economical 
operation of the cycle of life contributes to human welfare. 
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Gradually wc arc to see the cycle as a whole—from the soil, 

through plant life and animal life, and back to tlie soil again. It is 
important to see it as a whole if we are to ujiderstand the relation- 
shii)8 between the various steps in the process and make them o|)erate 
eiriciently. 

More and more is being revealed tJirough science about these rela¬ 
tionships. For e.xample, the mineral cotitent of the soil affects the 
mineral content of plants, and this in turn affects the nutritum of 
animals feeding on the plants. By the proper use of fertilizers and 
other cultural practices it might be ])ossible to insure the production 
of plant and animal products of better-than-average nutritive value 
for human beings. Again, tlicre is evidence that plants take uj) 
more minerals—provided the minerals are [)r(‘sent to be taken uj)— 
when the water content of the soil is relatively high. But certain 
practices such as excessive pruning or cutting counteract the effect 
of a good water supply. Again, tl»e amount of green area on the 
plant, and the amount of light reaching this green area, affect the 
storage of energy in the form of carbohydrates, and this in turn affects 
the absorption of minerals. Temperature is also important in the 
utilization of minerals. By correlating fertilizer pracdices with tem¬ 
perature and sunlight, it has been possible with some plants- pine- 
ap])le and sugarcane particularly- to cut the amount of fertilizer used 
by 60 percent. In the case of many plants it is possible to distin¬ 
guish four different types of growth produced by different relation¬ 
ships between the carbohydrate suj)ply in the ])lant and the nitrogen 
in the soil; and the (pinlity and nutritive value of the plant are 
markedly affected by the type of growth. 

These relationships between temperature, light, water supply, 
minerals, and probably vitamins and hormones, need much more 
study. They have a direct bearing on cidtural practices, yet little is 
known about them. The ultimate objective that shojild be kept 
clearly in mind is to turn out products of uniformly high nutritive 
value for human beings. That means studying the human beings 
as well, in order to determine the effects of products produced under 
different conditions. 

Research is necessarily a piecemeal process; it attacks one phase 
at a time. But the pieces are interrelated, and it should be i)ossible 
to link them together in a correlated program. 

THE DIGESTIVE PROCESSES IN DOMESTIC ANIMALS 

The digestive tract is a tube, enlaiged in certain places to form 
compartments, each with a special function. Different species of 
animals have different arrangements, partly <lictatcd by the kind of 
food they maiidy eat—plant food, animal food, or both. In all 
animals, the food is mixed with digestive juices and pushed along the 
tube by muscular movements. 

In grazing, the horse seizes food with its flexible upper lij) and 
front (incisor) teeth. The cow uses a long muscular tongue and tears 
off herbage with the lower teeth Jind upper gum, since it has no upper 
front teeth. The fowl picks up food with a toothless beak. In drink¬ 
ing, the horse, cow, sheep, and pig use the tongue to create suction in 
the mouth. The dog and cat lap with the tongue. The fowl scoops 
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up liquid and lifts its head to let tlie liquid run down the throat. 
The pi{?eon sucks up liquid by the use of the tongue. 

1)1 chewing, the hinged lower jaw of inanimals moves against the 
rigid ui)i)er jaw and food is crushetl between the upper and lower 
grinding teeth. Sonic animals have three kinds of teeth—molars in 
the back of the mouth for grinding; incisoi^ in the front, for cutting; 
canines, between front and back, for seizing food and for figliting. 
Others lack the canine teeth. 

Ruminants (cattle and sheep, for example') chew their food partly; 
then swallow it into a tcmpoi-aiy storage stomach (rumen); then 
regurgitate it and chew it over again at leisure. Thus a ruminant can 
take (juickly a {jood deal of food on pasture and chew it later at its 
leisure. Grain is usually ground for cattle because it is not regurgi¬ 
tated for this second chewing. Cattle have a deep transverse groove 
in the tongue that is easily injured by shaip or spiny substances. 
Man and the pig have a starch-iligcsting substance (ptyalin) in the 
saliva, but with most domestic animals, the saliva is mainly a lubricant 
for foods. The horse has a narrow throat opoiiug jind can swallow 
very little at a time. 

In the capacious fimt stomach of ruminants, food is subjected to a 
good deal of bacterial action, which breaks up the tougher walls of 
plant cells and splits cci'tain carbohydrates. Ne.xt the food goes to the 
second and third stomachs, which are maiidy for storing and grinding; 
and filially to the fourth or true stomach, which is comparatively 
small and receives food gi’adually in a well-ground-up condition. 
Here true digestion takes place. 

Other animals must get along without the three preliminary stom¬ 
achs. The horse has a very small stomach, only large enough to hold 
a third to a half of what it may eat at a meal; so the food Jiiust pass 
along into the intestine very quickly, without much stomach digestion. 
The stomachs of the pig, dog, and cat will hold all they can eat at a 
meal, and food may remain there for some time. In all mammals, 
foo<l is inLxed, softened, and acted on by gastric juices it) the stomach 
before passing to the intestine. 

Fowls swallow their foo<l whole. It passes into the crop, a place 
for bulk storage; then into the small provcntriculus or glandular 
stomach, where it is acted on by pepsin and hydrocidoric acid; then 
into the gizzard, or muscular stomach, where it is crushed and ground 
by the churning movements of that organ (some grit is retained in the 
gizzard, thus helping in this process); then to the first part of the small 
mtestine, where it is more thoroughly mixed and digested by juices. 

The pigeon is peculiar in that both male and female develop special¬ 
ized cells, containing a good deal of fat, m the mucous membrane of the 
crop. The fat and the cells that arc shed form a milklike substance, 
which is regurgitated and fed to the young. This feeiling continues 
for about 20 days after hatching. Pigeon milk has a very high fat 
and protein content, which may account for the rapid growth of 
squabs. There is evidence that prolactin (a secretion of the anterior 
pituitary gland at the base of the brain) incites this secretion. 

In the dog and cat, which chew their food very little, digestion by 
gast^li juices in the stomach is prolonged. 

iBie process of digestion is essentially the same in all animals. 
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Proteins arc l)roken down into simpler products (proteoses and pep¬ 
tone), and then pass into the intestines, where they are still further 
broken down into amino acids tliat can be absorbed into the blood. 
Pats are broken down into fatty acbls and glycerol, ready for absorp¬ 
tion. Starch and dextrins arc converted into maltose, and the maltose 
is broken down still further into glucose for absorption. Many 
enzymes, each with specific, functions and all neatly interacting, take 
part in these chemical processes. Most of the final products of diges¬ 
tion are absorbed from the small intestine, but some—particularly in 
the horse—from the large intestine, which comes after the small 
intestine. The organs that absorb these products are small ftngerlike 
protuberances (villi) on the mucous membrane of the intestinal wall. 
The absorbed substances are then carried to all parts of the body, to 
be utilized for growth, repair, energy, and other ])urposes. 

FACTORS AFFECTING MAINTENANCE NUTRITION, FEED UTILIZATION, AND 
HEALTH OF FARM ANIMALS 

Since cash returns above feed costs arc the jirimary source of income 
for the livestock farmer, it is important for him to learn as much as 
possible about the economical feeding of animals. 

The first requirement of a mature animal is for enough food to main¬ 
tain its internal body processes and sui)port normal muscular activity. 
This amount of food—the maintenance requirement—will keep an 
idle animal going with its body in nutritional balance. The mature 
animal that is not idle but producing, whether the production is in 
the form of work, meat, wool, milk, eggs, or offspring, will require 
sufficient additional food to meet the demands of tins production; 
and similarly the young growing animal will require sufficient food 
above the maintenance n-quirement to meet the demands of growth. 
If a producing animal, with the e..xcc})tion of the fattening animal, 
does not receive any more than its maintenance requirement, it will 
not immediately cease production. It will draw on its own tissues for 
a time, and permanent injury may result if this is continued too long. 

If, then, the maintenance requirement, the growth requirement, 
and the production requirements of animals wen* known with a high 
degree of accuracy for all conditions, the amount of feed needed for 
any given purj)ose could be calculated by siinjde arithmetic. Unfor¬ 
tunately this is not possible at the present time, since all of the require¬ 
ments of animals and the vahio of various foods in meeting these 
requirements are not fully known. More is known, however, about 
the maintenance needs of animals under certain strictly controlled 
experimental conditions, and with this information as a background, 
the additional factors influencing the requirements of animals under 
practical conditions are being given more attention. 

Wliat body processes must be covered by maintenance nutrition? 

The animal must produce enough heat from food to maintain the 
correct body temperature. Naturally the amount of food requii-ed 
for this purpose increases when the temperature of the surrounding 
air goes below a certain critical point, which is different for each kind 
of animal. Other processes covered by maintenance nutrition in¬ 
clude circulation of the blood, glandular secretion, breathing, digestion 
and assimilation of food, activity of the nerves, normal muscular 
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activity, and excretion of waste products. These processes demand 
not only heat-producing (energy) nutrients, which include sugars, 
starclies, and fats, hut also proteins for repair of tissues and other 
purposes, and minerals and vitamins. 

The energy reqiiircd for maintenance of animals can he measured 
hy various rnethods. It has been known for a long time that a^ rela¬ 
tion exists between the body surface of an animal or its body weight 
and its basal metabolism (the minimum heat production under specified 
conditions). Recent calculations from metabolism data on animals 
varying in size from mice to elephants show that the basal metabolism 
of an animal can be calculated with some accuracy from its body 
weight. This, however, would be the minimum requirement; it 
would not include such factors as unusual muscular activity or low 
surrounding air temperatures or other conditions that would increase 
the maintenance energy requirement in a variable manner. 

The protein required for maintenance has also been calculated to 
vary as a fiuiction of body weight, and in addition it is affected by 
other factors such as age and production. The young growing animal 
requires a great deal of protein for new tissues whereas the mature, 
nonproducing animal needs little more than enough for upkeep. 
“The protein requirement,” however, is a very loose term, although 
its meaning is generally understood. Wliat animals require for growth 
and upkeep is not protein, but certain essential amino acids, which are 
constituents of proteins. There arc thousands of different kinds of 
protein, and those present in foods vary considerably in their useful¬ 
ness to the animal body, depending on how much or how little of the 
required amino acids they contain. This point is ampljy^ covered in 
other articles in this book. From the practical standpoint, it means 
that as sources of protein some feedstuffs are very useful while others 
are unreliable or uneconomical or hoth.^ 

J^rotein is usually a relatively expensive feeding material, and it is 
most economically used for maintenance when only enough is fed to 
meet the needs of body building and upkeep. This means that enough 
carbohydrates an<l fats must he fed to meet the energy needs of the 
animal. Protein will not be used efficiently if this is not done. On 
the other hand the body can obtain its energy largely from protein if 
necessary. 

Other factors also affect the economical utilization of feeds. For 
example, when vitamin D is inadequate, phosphorus and calcium 
assimilation is interfered with, causing large losses of these minerals; 
and with too little vitamin A, vitamin G, or phosphorus the appetitite 
is depressed in addition to other haimful results. 

Overfeeding, or improper feeding, on the other hand, may be as 
harmful as underfeeding, and it has caused large losses of livestock 
through digestive disturbances that arc sometimes sudden and quite 
often severe enough to be fatal. This is especially likely to occur, 
of course, when animals are on a fattening ration with little exercise, 
as in the case of lambs or cattle being prepared for market. 

An animal has a good deal of ability to make up for moderate under¬ 
nutrition if it is fed well later on, but marked deficiency of certain 
minerals and vitamins may be permanently damaging. Breeding 
and pregnant animals especially need adequate rations. 
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GROWTH, FATTENING, AND MEAT PRODUCTION 

Growth is the basis of meat pro<hic,tion. The young growing animal 
adds weight mostly in the form of protein and water, the mature animal 
mostly in the form of fat, but there is no sharp lino where one kind of 
gain ends and the other begins. Animals grow at an increasingly rapid 
rate up to a certain point, then at a decreasing rate until growth ceases. 
As weight increases, it takes a larger and larger amount of feed to 
produce a pound of gain—or in other words, the efficiency of feed 
utilization decreases. 

A great many changes occur during growth. One of the most 
obvious, in meat animals, is that the proportion of dressed carcass to 
the entire body weight increases as growth proceeds. In a 60-pound 
pig, for example, the dressed carcass is about 66 percent of the live 
weight; in a :t80-pound pig, it is ahout 80 percent. In cattle the range 
is from apiiroximately 42 to 60 percent; in lambs (\inshorn), from 33 
to .'iS percent. 

At the same time there arc changes in the proportions of different 
pai’ts of the body. As a Img grows and fattens, for example, the 
l)erc.entages of ham, loin, shoiddcr, and hea»l cuts rlecrease. Charac¬ 
teristic changes in the proportions of different cuts also occur with 
cattle, lambs, and poultry. Any significant increase or decrease in 
proportion of a major cut is important because of its effect on carcass 
value. . 

Changes also occur in the composition of the meat. Tn general, the 
proportion of protein and water tends to decrease and the proportion 
of fat to increase after a certain stage of growth. The proportion of 
mineral matter—largely represented by calcium and phosphorus in 
the bones—usually decreases slightly. In a 5()-pound hog, for ex¬ 
ample, water may be 61 percent of the empty body, fat 20 percent, 
protein 16 percent, minerals 3 percent: at 32.5 pounds, water may be 
34 percent of the empty body, fat ,54 percent, protein 10 percent, 
minerals 2 percent. Exceptions to these trends have been notetl in 
some animats. The distribution of fat in different parts of the body 
changes also, and there are changes in the fat content of lean tissue. 
The. ratio of edible meat to bone in the dressed carcass increases with 
heavier weight. 

A simple, accurate method of measuring the efficiency with which 
feed is used for growth by difl’erent animals or the same animal at 
different times would be extremely useful both to the animal breeder 
seeking efficient strains and the nutritionist comi)aring the values of 
different diets. Such a method has been worked out in the form of 
an ef|uation that can be used in technical work. Short cuts have also 
been worked out for estimating important factors in the composition 
of th(' animal bodv or the dressed carcass; these methods depend on 
finding some matbematical relationship between an unknown factor 
and one that can readily be measured. 

SOME EFFECTS OF NUTRITIONAL LEVELS 

Growth as a whole is a fairly regular process, but it is the product 
of changes that actually occur at different rates in different parts of 
the body. These parts have a definite order of development. For 
example, the limbs develop early, the middle of the back last. The 
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hones (lovcloj) earlier than muscle, and muscle earlier than fat. Mus¬ 
cle develops latest over the loin. Essential organs of the body develop 
much earlier than tissues that store nutrients, such as fat and muscle. 
Such comiiarisons can be carried out in considerable detail. 

These are inherent characteristics of growth in an animal. But 
they can be alTected by nutrition. For example, the early-developing 
parts and tissues can be speeded up in their growth by feeding at a 
high level while the animal is young, and the late-ilevcloping parts 
can be reduced by feeding at a low level later on. 

An experiment of this kind was carried on in England with hogs. 
Young pigs of similar inheritance were fed to a weight of 200 pounds 
in four different ways: (1) High level throughout: ( 2 ) high level early, 
low level later; (3) low level early, high level later; (4) low level through¬ 
out. Their carcasses proved to have quite different characteristics, 
depending on what ])arts were speeded up or slowed down by the 
level of feeding at the time when those jiarts would naturally have 
developed. For example, it was possible by this kind of control to 
produce a pig with relatively more loin and less head; more fat and 
less bone; more muscle and less fat. 

Fundamentally, this is the way bacon-type and lard-type hogs are 
produced from animals of the same breeding. The same general rule 
should hold with other livestock. Exercise, however, introduces a 
variation by preventing the formation of fat. 

The reserve supply of nutrients in muscle, fat, and bone plays an 
important part in tiding the body over periods of undernourishment. 
These reserves can then he drawn upon to supply more vital organs. 
They may also be used during reproduction and lactation. Tt has been 
suggested that many animals cannot meet, their calcium requirements 
during lactation without drawing on the reserves, even though they 
are well fed. 

The level of nutrition apparently has an effect on length of life— 
ami a high level does not necessarily mean a long life. At least, rats 
fed a limited amount of energy-producing foods lived longer (though 
they weighed loss) than those fed an unlimited amount. The rats on 
the limited diet, however, received adequate quantities of vitamins 
and minerals. 


THE RELATION OF DIET TO REPRODUCTION 

Fertility in livestock has always bepn a matter of great importance 
to farmers, yet oven with good nutrition and management 20 to .’SO 
percent of livestock matings are infertile. Studies made in England, 
for example, show that more animals are discarded from dairy herds 
for reproductive failures than for any other reason. 

There are so many possible causes of failure to reproduce that it is 
difficult to make a diagnosis in any given case. Yet to apply remedies 
without knowing the cause may actually make the troulble worse. 
wSuppose, for instance, that an animal whose infertility is inherited is 
treated with medicines, gland extracts, or dietary remedies, and then 
saved for breetling. The inherited infertility will be passeil on to 
offspring, and there will be just as much or more need for treatment 
in the next generation. 

There are too few data to indicate whether there is any one major 
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caiise of sterility, though one authority believes there is good ground 
for thinking that infection is the chief cause. At least, this should 
])robably be the first cause to look for in making a diagnosis. From a 
practical standpoint, one of the simpler causes of lowered fertility is 
failure to mate animals at exactly the right time, which is at or after 
the middle of the heat period in the female. 

There is no question that diet is closely related to fertility. To 
say that any specific element in the diet is necessary for normal 
reproduction, however, is quite another matter. This claim has been 
made for several different mitrients on the basis of experimental work 
in which the nutrient in question was left out of the diet, and the 
piimal failed to reproduce normally or actually developed a disease 
involving the reprod»ictivo organs. In almost every case, however, the 
animal also refused to eat a normal amount of food when some neces¬ 
sary element was left out. It is known that undemutrition decidedly, 
even dramatically, interferes with reproduction. Was the reproduc¬ 
tive failure in these cases due to lack of the missing element, or to 
starvation? It is impossible to decide on a critical examination of the 
evidence. 

In other words, there is good reason to believe that whatever is 
necessary for the normal development and health of an animal is also 
necessary for normal reproduction as distinct from the other functions 
of the body. The animal must have the right diet if it is to be normal, 
reproductive.ly and otherwise. 

It shqidd he noted, moreover, that much of the experimental work 
on nutrition and reproduction lias been done with small laboratory 
animals, especially the rat. Such experiments indicate what to look 
for in the case of other animals, hut the results cannot be taken as 
directly applicable to other animals. 

In tiie case of two vitamins, A and E, there is evidence that de¬ 
ficiencies do interfere with reproduction. 

A minor deficiency of vitamin A quickly affects the soft membranes 
in the reproductive organs of the female rat. The heat cycle, the 
formation of ova, and the early development of the fetus are not 
affected. But difficulties appear about the middle of pregnancy, 
resulting in hemorrhage or abortion; or birth is delayed, labor is 
unusually long, many of the young are stillboni, and many of the 
mothers die in labor. Severe deficiencies affect the testes of the male. 
Both the male and the female can be cured by doses of vitamin A. 
Abnormal young invariably occur with the cow and the sheep on 
diets low in vitamin A. Apparently the deficiency of vitamin A in 
such cases may be so small as to have no apparent effect on general 
health. 

Vitamin E deficiency also leads to reproductive troubles in the 
female rat, but again only after the middle of pregnancy, when the 
fetus is reabsorbed in the uterus. In the male, the cells that pro¬ 
duce sperm are affected, and this condition cannot he cured. It 
has so far proved impossible to reproduce these effects experimentally 
with other animals, m spite of claims made for the curative power of 
vitamin E in cases of sterility. 

Phosphorus deficiency in range plants interferes with normal 
reproduction in cattle, but the evidence is never clear-cut because 
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protein is also deficient— and perhaps other factors too—and the 
cattle do not eat noinial amounts of food. There is a widespread 
impression that manganese deficiency interferes with the Imat cycle 
and the formation of ova in the female rat, hut the trouble was 
actually fmmd to be due to a low-energy diet. Sterility has been 
produced in the male rat by a diet deficient in manganese, but these 
results have never been adequately checked. 

There are indications that some factor, not yet identified, in rough- 
age plants, may be necessary for normal reproduction in cattle. This 
needs further investigation. 

THE RELATION OF NUTRITION TO THE PRODUCTION OF HIDES AND WOOL 

Nutrition is one of the factors influencing the growth of hide and 
hair, including wool, but little research has been done in this field. 
In a study comparing the hides produced by full-fed and underfed 
lambs, those of the first group averaged 0.02 inch, or nearly 77 per¬ 
cent, thicker, were stronger, and had greater tear resistance and 
better grain than those of the underfed lambs. The strength of 
cross sections of equal area was approximately the same. Very fat 
animals may produce skins with a higher iiercentage of fat, which 
sometimes causes fatty s])ots or “kidney grease,” a common defect 
in heavy cattle hides. For the production of leather of the best 
quality, therefore, it would seem that the ration should be neither 
too limited nor too full. 

Wool fiber is composed chiefly of keratin, a protein that also forms 
hoofs, nails, and hair. Keratin has a high content of cystine, a sulfur- 
containing amino acid. Much of the research on the relation of nutri¬ 
tion to wool production has been on the rccpiirements for proteins 
containing cystine, but there have been no very conclusive results. 
Feeding trials indicate that the protei?) re<|uirements of sheep are not 
particularly high and that protein in e.xcess of that needed for main¬ 
tenance and growth has little effect on wool production. A high 
carbohydrate level, however, was found to increase the weight of 
the wool by 100 percent, probably because the extra energy from 
the carbohydrate released protein for wool production. 

Research indicates that rations which maintain sheep in good 
condition tend to produce heavy, good-qualitv fleeces. Sheep on a 
low plane of nutrition produce lighter, finer, crimpier wool with fibers 
that break easily, and malnutrition may result in shedding of fleeces. 
ImjH’oper feeding for even a short time will cause a reduction in the 
diameter of wool fibers, and disease and parasitic infestations have the 
same effect. 

THE NUTRITION OF VERY YOUNG ANIMALS 

Before birth, mammals are nourished through tissues (the placenta) 
connecting the unborn young with the mother’s body. There is not a 
direct exchange of bloo<l, however; nutrients must pass through a 
membrane separating mother and fetus. In some species (huma]i 
beings and rodents) this membrane is very thin—otdy one layer of 
cells. In others (dog and cat), it consists of two or three cell layers. 
In still others (pig, horse, and rumi?iants) it consists of many cell 
layers. 
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In animals with a thin membrane, antibodies that confer immunity 
to certain diseases j)ass tliroiif:h from the mother’s blood to the fetus. 
In those with a thick membrane, the mother apparently cannot 
transfer immunity to the fetus. In the latter case, then, it is especially 
important for the young to get antibodies immediately after birth. 

Normally, newborn mammals get these substances, which give them 
their first or passive protection against some diseases, in the colostrum 
or first milk of the mother. The antibodies are closely associated 
with certain proteins (globidins) in the blood serum of the mother 
and apparently pass into the colostrum with these proteins. Wlien 
no colostrum is available for feeding the newborn—as when the mother 
dies—blood serum of the same species may be substituted, either fed 
to the young animal or injected or both. ' This has been successfully 
done with calves, foals, and lambs. As they get older, animals develop 
their own active immunity against diseases. 

The colostrum is a food especially suited to the needs of the new¬ 
born. It has a higher concentration of solids, especially proteins, 
than the later milk. Within a few hours after the birtH of young, 
the milk of the mother begins to lose the characteristies of colostrum. 

The milk of different species of animals differs considerably, and 
l)rcsumably each kind of milk is especially suited to the needs of a 
])articular species. In general the more rapid the rate of growth of 
the young, the higher the concentration of protein and minerals in 
the milk. There are also differences in the percentages of fat and 
milk sugar, and in the composition of the proteins. The unfavorable 
effects sometimes resulting from the feeding of milk of one species 
to the young of another species are probably due in part to certain 
characteristics of the proteins. 

In the practical feeding of young animals, it is important that they 
receive colostrum or blood serum shortly after birth. Subsequently, 
they will do best if they can receive the milk of the dam throughout 
a normal suckling period. Orphan animals, however, must be arti¬ 
ficially fed. Dairy calves and the kids of milk goats are artificially 
fed at a very early age because of the value of the dams’ milk. It is 
very important to use correct formulas when artificial feeding is 
practiced. 

The calf should be left with the dam from 1 to 4 days. Then it is 
generallv fed whole milk for 2 weeks. This is gradually replaced 
with milk substitutes—fresh skim milk, dried skim milk with water 
added, gruel, or dry meal. The calf begins to nibble at dry feeds 
when 2 to 3 weeks old. 

?''oals should be allowed to suckle for 6 months or longer, although 
under some conditions it is practical to reduce this to 3 or 4 months. 
Orphan foals may be fed modified fresh cows’ milk or a mixture of 
dried whole milk, dried skim milk, sugar, and water, which approxi¬ 
mates mares’ milk in the proportion of the nutrients. The foal will 
usually begin eating some grain at about 3 weeks of age, and increasing 
amounts may be fed thereafter, plus good legume hay as soon as the 
foal will oat it. 

Kids are generally removed from the dam after the colostrum 
feeding period and fed from bottles or pails. Either goats’ or cows’ 
milk may be used. At 4 weeks, alfalfa hay and a grain mixture arc 
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made available and gradually substituted for milk, luici. months 
is probably a long enough milk-feeding period. 

Lambs are usually allowed to run with their dams for 3 to 5 months. 
They begin to nibble feed at 10 to 16 days of age. Green alfalfa hay 
and a grain mixture may be fed if pasture is not available. Orphan 
Iambs may be raised on whole cows’ or goats’ milk, or a 20-poiCcnt 
mixture of dried whole cows’ milk and water. 

Pigs are usually weaned at 8 to 12 weeks of age. Supplementary 
feeds—corn or a mixture of ground grain, a protein supplement, 
and a mineral mixture— should be supplied to them from the time they 
are 3 weeks old. Anemia is common among j’^oung pigs without 
access to sod or soil; it may be prevented by giving iron and copper. 
Experiments indicate that orphan pigs after about 2 weeks of age may 
be fed with good results on cows’ milk with a protein supplement, grain, 
a mineral mixture, and pasture. 

Puppies are usually allowed to suckle for 6 weeks. It is well to 
begin giving some solid food (chopped or ground lean ineat and dry 
bread, dry cereal, or puppy biscuit moistened with milk or broth) 
at 3 to 4 weeks of age. Eresb cows’ milk is not satisfactory for feeding 
very young puppies, (’aimed condensed milk may be used, or whole 
dried milk with water, or combinations of whole milk with egg yolk or 
with cream and casein. 

NUTRITIONAL REQUIREMENTS OF BEEF AND DUAL-PURPOSE CATTLE 

I'he energy re<iuirenients of beef cattle for maintaining body func¬ 
tions and normal muscular activity, exclusive of the re(piircincnts for 
growth, fattening, gestation, and lactation, have been computed by a 
number of workers and .set tlown as standards for animals of different 
weights. Some of these proposed standards give a more liberal allow¬ 
ance than others. 

Additional energy over and above maintenance is required for 
growth and fattening. In fact the energy requirement for fattening 
is limited only by the amount of energy-producing foods the animal 
can eat. The greatest efficiency of feed utilization has been found in 
feeding at a rate slightly below the maximum capacity to eat, but 
full-fed steers usually make the greatest return to the producer. 
Perhaps the best method of measuring the eating capacity of steers is 
by self-feeding. There is evidence that when this is done, the steers 
cat more feed in the earlier and less in the later period of fattening, 
which is the oppo-site of the common practice in hand feeding and sug¬ 
gests that hand-feeding methods may need to be changed. Energy 
standards for growing and fattening have been proposed, but there is 
room for a good deal more experimental work on various aspects of 
the problem. 

Protein requirements for maintenance, whicli are important in 
wintering beef cattle, have also been worked out in a number of pro¬ 
posed standards, as well as the protein requirements for growth and 
fattening; but even more than in the case of energy requirements, 
there is need for further careful experiment to ascertain the most 
effective level of protein feeding. For lactation, 0.04 to 0.05 pound of 
additional protein per day for each pound of milk produced has been 
recommended as adequate for beef cattle. In gestation, the protein 
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requirement is low up to the last 3 months, and highest—nearly half 
a pound a day—in the last month. 

Like other animals, cattle require a considerable list of minerals; 
others may be present in the body not because they are required bxit 
mereh .ecause they are taken in the food. The two most likely to 
be laci^.ng in the diet are calcium and phosphorus, which with the 
aid of vitamin D foiro the bones and teeth. 

In phosphorus deficiency the content of inomanic phosphorus in the 
blood decreases, and this has been found xiseful not only as a measure 
of the state of phosphorus nutrition but as a means of locating phos¬ 
phorus-deficient range areas. The closest study of phosphorus 
<leficiency has been made in South Africa, where the problem has been 
acute. Phosphorus deficiencies occur in many parts of this country 
and have been especially studied in Minnesota. 

The approximate calcium and phosphorus requirements for growth 
(to 400 pounds) are 0.4 and 0.3 percent, respectively, of the total dry 
ration; for fattening (at 900 pounds), 0.2 percent for each mineral; 
for late pregnancy, 0.4 and 0.3 percent; and for lactation, 0.3 and 0.25 
percent. These can be supplied by using the proper feeds when the 
mineral content of the feeds is known. In areas where the soil and 
forage plants are deficient in minerals, a mineral supplement may be 
used. Excellent results have been reported with bonemeal in phos¬ 
phorus-deficient areas in South Africa, and there are favorable reports 
in the United States. Dicalcium phosphate or disodium phosphate 
may also be used, but these are unpalatable to animals and must be 
haiid-dosed or fed in palatable mixtures. Disodium phosphate is 
soluble and can be supplied in the drinking water. The United States 
Department of Agriculture and the Texas Agricultural Experiment 
Station are now experimenting in feeding various mineral supple¬ 
ments to cattle, with favorable results so far, as compared with the 
animals not receiving the supplements. 

Iodine deficiencies are quite common in the Northwest and upper 
Mississippi Valley, producing goiter and weakness in newborn calves. 
In Florida, favorable results have been obtained in feeding cobalt as 
a supplement to a basal ration of Natal grass hay, shelled corn, and 
powdered skim milk. 

A deficiency of vitamin A or carotene affects normal calving aiul 
a more severe deficiency results in night blindness and other serious 
symiitoms. It has been shown that cattle develop symptoms of 
vitamin A deficiency- including irregular breeding, abortion, and 
weak calves—when fed on ranges depleted of carotene by an extended 
dry period. The condition may be corrected when it is not too 
severe. Two methods have been devised for detecting stages of 
vitamin A deficiency in range cattle earlier than detectable night 
blindness—one by measuring the level of blood carotene, and the 
other by examining the head of the optic nerve with an optical instru¬ 
ment. Various experiments have been conducted to measure the 
carotene requirement of both mature beef cattle and calves. The 
requirement increases during gestation and still more during lactation. 

Special attention to the vitamin B complex is apparently not 
required in the case of cattle, though there is insufficient evidence as 
to whether any of the various individual factors in this complex are 
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required in the feed. Vitamin C also is made in the bodies of cattle. 
Vitamin D, or its equivalent in sunlight, is required for the prevention 
of rickets in calves. 

PRACTICES IN THE FEEDING OF BEEF AND DUAL-PURPOSE CATTLE 

In the range country of the West, beef cattle production depends 
almost entirely on grass. In the Middle West it depends largely on 
grain. There are various combinations of these two types of produc¬ 
tion, hut the availability of grass is always the determining factor. 

In the grass countryj winter feeding and summer feeding present 
different problems; and in winter feeding, somewhat different prac¬ 
tices are followed for the various classes of l)ecf cattle. 

Generally the breeding herd is wintered in the feed lot, though 
there is a growing tendency to reserve range or i)asture for winter 
grazing. In the Southwest and South, many cattle have to (iej)end 
on range the year round. Winter losses and malnutrition take a 
heavy toll. Tliis situation can be improved by feeding concentrate 
supplements such as cottonseed meal. In the northern Great Plains 
area., experiments indicate that the use of concentrates should be 
limited to seasons when the winter range conditions are severe. In 
areas where winter range cannot be provided, hay or silage, sometimes 
su|)plcmcntc(l with i)rotein concentrates, is used. New processes for 
curing silage might be of value in the Soutli, where forage and hay 
crops cannot well be cured by drying. Breeding cows should be 
wintered so as to be in tlirifty condition in tlie spring. 

C^alves are preferably dropped in the spring. The following winter 
(after weaning) they should be liberally fe(i. There aie few jdaces 
where range alone is sufficient for the proper development of the calf. 
Experiments in Montana show that calves and yearlings can be 
wintered satisfactorily on alfalfa hay alone, and in New Mexico, on 
range plus cottonseed cake—one-half pound per head daily for calves, 
1 pound for yearlings. 

The common practice is to winter bulls in sheds or feed lots and feed 
them liberally on grain, protein concentrates, and hay or silage. 
They can be wintered on range if it is [)ossible to give daily supple¬ 
mental feedings. 

Steers to bo developed into 2-year-ohl feeders on summer range 
should be fed during the first winter to gain 2.'3 to .50 pounds per head, 
ami to keep in thrifty condition during tlie second winter. Ex])eri- 
ments in South Dakota show that under the conditions prevailing 
there, sup])lemental feeding may be limited to periotls of extremely 
cold weather or snow-covered vegetation. 

In summer, most beef cattle are turned on range or pasture. The 
important problems are rates of stocking and methods of handling 
pastures (for example, the u-se of fertilizers and methods of grazing 
such as continuous and alternating). When pastures are heavily 
grazed, it may be necessary to use supplemental feeds in late summer. 
Cattle are fattened for market either on grass or in the feed lot. 

The increasing demand for lighter cuts of meat has resulted in the 
production of fat calves and yearlings. Under certain conditions it 
has been fouiul possible to full-feed well-bred beef calves on grain or 
concentrate mixtures before weaning and have them fat enough for 
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slaughter at weaning time or a few montlis later. Three years of 
feeding tests by the United States Department of Agriculture in 
Missouri showed that suckling calves fed shelled corn for 140 days 
consumed less grain per hundred pounds of gain than those fed corn 
plus cottonseed cake or oats; but those fed 1 part of cottonseed cake 
to 8 parts of corn made greater gains, were fatter, and brought a higher 
price per hundred pounds, so that they more than paid for the in¬ 
creased cost of feed. In fattening calves, a relatively small amount 
of grain is required per hundred pounds of gain as compared with 
matui’e cattle, but the practice is more suitable for farming areas than 
for range areas. Experiments indicate that it docs not pay to feed 
grain before weaning if the calves are to be full-fed on grain for 5 
months or more after weaning. 

Fattening steers on grass alone to a full finish can he practiced in 
comparatively few areas in the United States, but when grain or con¬ 
centrates are used to supplement grass, only half as much is needed 
as in dry-lot fattening. Experiments in the bluegrass section of West 
Virginia indicate that it is not necessary to feed grain during the first 
half of the grazing season, and that a limited grain ration plus pasture 
during the last half is better than using a more liberal ration of grain 
and hay for a short pcrio<i following the grazing season. Experi¬ 
ments in South Dakota showed that the use of grain supplements 
])lu8 summer range during the last half of the grazing season made it 
possible to market slaughter rather than feeder cattle. 

Rations for fattening steers in the dry lot vary considerably in 
ilifl’erent areas. It is important to remember that the various feeds 
used make different contributions to the whole ration—hence a 
direct comparison of feeds is difficult. In the (^orn Belt, one of the 
important problems is to secure protein from the cheapest source, in 
the absence of corn, or in addition to corn, barley, rye, oats, wheat, 
grain sorghums, beet pulp, molasses, and cottonseed meal anti hulls 
are used in fattening rations in various areas. Experiments indicate 
that it is best not to feed more than 3.5 pounds of molasses per head 
daily, and that cottonseed meal and hulls should not be full-fed for 
more than 90 to 100 days. 

THE FEEDING OF DAIRY COWS FOR INTENSIVE MILK PRODUCTION IN PRACTICE 

Cows are fitted to live and produce enough milk for their offspring 
entirely on pasture and roughage, as they diil for countless generations 
before they were domesticated. But no cow can eat enough roughage 
to produce milk for six or more calves a year, which in effei’t is the task 
set for the goocl dairy animal. It becomes necessary, then, to feeil her 
all the roughage she will eat, and in addition much more concentrated 
soiirces of energy such as grains. Experiments prove that she can be 
kept in good health and near maximum milk yieUl throughout one 
entire generation on high-quality roughage and concentrates alone. 
But her calves, if such a ration is continued into the second generation, 
will not be fertile. In order to maintain fertility generation after 
generation, it has been found necessary to provide pasture, if only for 2 
months every year. 

There are three elements, then, in maintaining the high-producing 
dairy cow: (1) Iligh-quality roughage, largely to supply an abundance 
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of protective nutrients necessary for licalth; (2) grain and otiicr 
concentrates, largely as compact sources of energy; (3) pasture, 
largely to maintain fertility and make up for possible shortages in the 

roughage. i i • 

The best rougliage is legume hay, and probably tlie best legume is 
alfalfa. Cows will eat more roughage, however, if it is made u]) of a 
combination of legume hay and grass hay—timothy, for exainple. 
Half and half is a good proportion. Corn silage might be substituteil 
for the grass hay, in which case the proportions should bo figurctl on 
the basis of the dry matter in the silage. It is important to use high- 
quality hay—preferably IJ. S. No. 1—because it has a much greater 
vitamin content than hay of poor quality. 

A good concentrate mixture consists of 4 parts of corn meal, 3 parts 
of wheat bran, and 3 parts of one or more of the oil meals, plus 1 per¬ 
cent of salt. The oil meal should be prepared by the old process, with¬ 
out having the oil extracted by solvents. 

Good dairy cows, when mature, should be fed as much hay as they 
will eat and enough of a grain mi-xture, such as that described above, 
in addition, to keep them at uniform body weight. This is approxi¬ 
mately accomplislied by feeding them according to the Savage stand¬ 
ard, which is the most liberal of the feeding standards. 

Good dairy cows in heavy production, esiiecially in the early pari 
of the lactation period, will often not eat enough to keep themselves 
at uniform body weight. Under these circumstances they should be 
fed as mucli hay as they will eat and as much grain in addition as they 
will clean up in half an hour twice a day. It is better to let cows lose 
weight for a few weeks than to cut. down their liay consumption and 
up.set their digestion by feeding more grain than they are really hungry 
for. As the lactation period proceeds and the milk production be¬ 
comes less, they reach a stage where they will eat enough to gain weight. 
They should be allowed to gain whatever they have lost and then be 
kept at uniform body weight. 

Cows fed as described here will receive more protein, fat, vitamiii A, 
calcium, and phosphorus than the minimum requirements worked out 
in experiments so far. Experience has proved that such feeding gives 
good residts over long periods. 

Vitamin A is the oidy vitamin likely to be lacking in dairy cattle 
rations under practical conditions. A deficiency results first in pre¬ 
mature calving and the throwing of weak or dead calves. Experi¬ 
ments indi(!ate that for succes.sful reproduction cows need at least 10 
parts of carotene per million of dry matter in the ration. This will 
be approximately supplied if the ration contains ecpial parts of grain 
and hay, and if the hay is U. S. No. 1 clover or timothy. Cows 
can store up vitamin A on good pasture in the summer to make u|) 
for partial deficiencies later on. Concentrated sources of the vitamin 
arc young growing grass or legumes, yellow garden carrots, high- 
quality alfalfa-leaf meal, and cod-liver oil. Cod-liver oil in large 
quantities is poisonous to cows, and it also tends to reduce the fat 
content of the milk. It should therefore not be used for mature 
animals except in emergencies, and then at the rate of not more than 
2 ounces daily for a mature cow. 

There is no evidence at present that mature cows under practical 
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conditions ever fail to get sufficient vitamin D from their rations and 
from sunlight. 

Cows in heavy production need an amount of calcium equal to 
about 0.25 percent of the dry matter of the ration, but this mineral is 
seldom likely to be deficient under practical conditions of feeding. 
Phosphorus, however, is deficient in the soil of certain areas in some 
11 States, and feeds produced on these soils are low in phosphorus. 
Recent work indicates that the ration should contain an amount ecpial 
to not less than 0.25-0.30 percent of the dry matter. The feeding of 
concentrates greatly decreases the danger of phosphorus deficiency. 
In emergencies, bonemeal or some mineral source of phosphate may 
be added to the food. 

It may be assumed that there is no deficiency of iodine unless goiter 
appears. 

Good dairy rations should supply all the Tuitrients needed by cows. 
Dosing with vitamin and mineral preparations to make up for poor 
rations is a highly experimental and sometimes dangerous procedure. 

FIGURING THE RATIONS OF DAIRY COWS 

Since different roughages contain flifferent quantities of protein, 
the grain mixture should be adjusted according to the roughage used. 
If legume hay is the sole roughage, a grain mixture with only 12 per¬ 
cent of protein may be fed. Legume hay and silage, or mixed hay 
alone, calls for a 16-percent protein mixture; mixed hay and silage, 
for a 20-percent mixture; grass hay and silage, or silage alone, for a 
24-percent mixture. These protein mixtures may be readily made by 
using definite proportions of such feeds as corn, oats, wheat bran, 
cottonseed meal, barley, wheat, kafir, hominy feed, gluten feed, dried 
brewers’ grain, linseed meal, peanut meal, ground soybeans, soybean 
meal, fish meal. 

As a source of energy, good hay is worth about 60 percent as much 
as the usual grain mixture, and silage about one-third as much as good 
hay. The quantity of roughage fed should not be reduced below the 
maintenance retjuirement of the animal- about IK pounds of hay to 
100 pounds of body weight. (In substituting silage for some of the 
hay, figure that 3 pounds of silage equals 1 pound of hay.) After 
maintenance requirements are met, the amounts of grain needed for 
each pound of average milk protluced by the different breeds are: 
Holstein-Fresian, 0.41 pound; Ayrshire and Brown Swiss, 0.46; Guern¬ 
sey, 0.52; Jersey, 0.56. 

Good pasture is the best feed, but cows will not graze more than 
150 pounds a day, and over most of the country the amount grazed 
will not provide enough nutrients for more than 1 to l)i pounds of 
butterfat a day. Moreover, pastures are usually at their best for 
only a month or so. Thus it is well at all times to provide as much 
hay as the cows will eat in addition to pasture. And wherever it pays 
to "feed grain in winter, it usually pays in summer also. The amount 
of grain needed in addition to pasture can readily be figured for each 
breed according to production. 

In the West, where the alfalfa hay is exceptionally good, it may be 
economical to feed this alone during the winter, in spite of the lower 
production that will result. In the Middle Western States, grain 
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may be fed for all production over two-thirds of a pound of butterfat 
a (lay; in the East, for all production over onc-half pound a day. 
The total quantity of grain needed can be figured according to pro¬ 
duction and breed. 

PRACTICAL FEEDING AND NUTRITIONAL REQUIREMENTS OF YOUNG DAIRY STOCK 

Some 25,000,000 dairy cows 2 years of age and older are kept for 
milking in the United States and replaced about every 5 years. About 
10,000,000 heifers under 2 years of age arc being raised to replace 
them. In addition, probably 250,000 to 300,000 young dairy bulls 
are raised each year for replacement pur|)oses. These young animals 
will be the dairy herds of the future, and feeding them properly is 
important. 

The quantities of feed given to heifers should not be figured on the 
basis of weight alone, but on the basis of both weight and ago, to 
allow for normal gains. 

The calf should be fed for the first 3 or 4 days on the darn’s co¬ 
lostrum. It should then have whole milk for at least 2 weeks if it is 
strong arid vigorous, or 3 to 4 weeks if it is weak or especially valuable. 
Calves may be fed without whole milk after the third day if they are 
given fresh skim milk or reconstructed dried skim milk (1 part of 
powdered skim milk in 9 parts of water) jrlus 2 teaspoonfuls of cod- 
liver oil daily, or 15 milligrams of carotene in oil, or about 7 ounces 
of grated yellow garden carrots. These supplements which are 
used as a source of vitamin A—may be safely omilted at 60 to 90 
days of age when the calf is eating 1 to 2 pounds of hay daily if the 
hay is fairly green. The calves usually do not gain as much during 
the first month or two on this ration as on wliole milk l)ut catch u[) 
later on. 

The feeding of good-quality hay and a suitalile grain mi.xture should 
begin at about 2 weeks of age. 

Any one of the following feeding methods may be used up to the 
age of 6 months after the whole-milk starting period: 

(1) Fresh skim milk inay be gradually substituted for whole milk. 
Green, sun-cured hay will have to be used to supply the vitamins 
A and D lacking in skim milk, and a grain mi.xture to supply addi¬ 
tional energy. 

(2) The calf may be raised on a nurse cow—a hard milker, low pro¬ 
ducer, kicker, or one with some other trouble. It is necessary to use 
care to see that the calf does not get too much or too little milk. 
Hay and grain should be provided as usual at 2 weeks of age. 

(3) The calf may be fed fresh buttermilk (pasteurized) or fresh 
wdiey, supplemented with legume hay and grain. 

(4) Uried skim milk, dried buttermilk, or condensed buttermilk 
may bo fed, mixetl with water, plus the usual hay and grain sup¬ 
plements. 

(5) Limited quantities of whole milk may be fed for the first 30, 
50, or 60 days. Then grain or a calf meal may be comjfietely sub¬ 
stituted for milk. (Hay is fed as usual, of course.) It is sometimes 
difficult to grow calves on this ration, and growth will be retarded 
between 2 and 4 months of age. It should therefore not be used for 
raising undersized or weak calves. The grain mixture should have a 
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protein content of not less than 16 to 18 percent; it may consist of 
corn, oats, wheat bran, and linseed or cottonseed meal. Calf meals 
or calf starters used with this method of feeding consist of a mixture 
of grains plus protein from an animal source—dried skim milk (best 
source), dried buttermilk, soluble blood flour, ordinary blood meal, 
dry-rendered tankage, or fish meal. The calf meal may be supple¬ 
mented with cod-liver oil. 

In any feeding method, the calf should be fed all the green hay it 
will consume. In a grain mixture, <‘,orn may be replaced bv barley, 
kafir, milo, or hominy feed; linseed meal by soybean meal, or half 
the linsee<l meal by cottonseed meal. Silage is not a suitable feed 
for dairy calves until after the age of 3 months, when it may be sub¬ 
stituted for part of the hay. Pasturage is one of the best sources of 
roughage, but the calf fed on milk, hay, and grain will not make much 
use of pasture until after the age of 3 months. 

After 6 inonths of age, milk and calf meals arc discontinued and 
the heifer is fed entirely on roughage and pasture (all it will consume), 
supplemented with a little grain. She should be fed so that she 
makes good growth and is good sized and well fleshed, but not too 
fat, at the time of first calving. Liberal feeding of a heifer makes it 
possible for her to calve at an earlier age; scanty feeding delays Ihe 
first breeding and calving. In the long run, it is probably most 
economical to feed heifers liberally so that they can be bred early, 
at 15 to 18 mo!Jths, to calve at 24 to 27 months. 

The young bull calf should be fe<l about like the young heifer calf, 
up to the age of 6 inonths, when he will need somewhat larger (juan- 
tities of feed. 

Data have recently been compiled on the size and weight of well- 
fed <lai)y calves at various ages, and on the rate of growth, and these 
are useful to check nutritional status. 

As in the case of other animals, the nutritional requirements of 
dairy calves include carbohydrates, proteins, fats, minerals, and vita¬ 
mins. A number of feeding standar<ls have been proposed for energy 
(total digestible nutrients) and protein. The protein requirement 
depends in part on the quality or biological value of the protein; 
that provided by milk and milk products has the highest value for 
young calves. In practice it is well to provide more protein than the 
minimum requirement to allow a margin of safety. This is readily 
and economically done when legume hay is used. 

Of the necessary minerals, sodium and chlorine must always be 
provided in the form of common salt—0.5 to 1.0 percent of the grain 
mixture, plus an available salt lick. The rations customarily used 
for ealves supply enough calcium and phosphorus for normal growth, 
except that wheli the animals are fed largely on home-grown roughages 
in phosphorus-deficient areas it may be necessary to supplement the 
ration. Wheat bran, linseed meal, and boneineal are rich in phos¬ 
phorus. In goitrous regions it may be necessary to feed iodized salt 
to pregnant cows and heifers. A deficiency of iron, producing “salt 
sickness” or nutritional anemia of cattle, reported in some isolated 
regions, has been cured by administering very small amounts of iron 
and copper. Cobalt-deficient areas have been reported in Florida. 

Of the vitamins, the only one that need give any great concern to 
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the dairy cattleman is vitamin A. The requirement of young growing 
calves is considerable, and it may not be met with ordinary feeds 
used in praotiec. A <leficicncy residts in such symptoms as slow 
growth, general weakness and scours, blindness, and susceptibility 
to pneumonia. The requii'ement for the young calf may be met by 
feeding whole milk from cows on pasture, sup])lements such as cod- 
liver oil, green alfalfa-leaf meal, garden carrots, or, for the older calf, 
good-quality green hay. It is especially important tc) provide vitamin 
A during the skim-mdk feeding period. 'I'he conditi(*ns under which 
it will bo necessary to su])ply vitamin A supplements have already 
been discussed. 


VARIATIONS IN THE COMPOSITION OF MILK 

The milk of dilferent species of animals varies greatly in com¬ 
position. For example, among various kinds of milk used for human 
food, that of the reindeer is most concentrated, containing only 63.8 
percent of water as compared with about 90 in mare’s milk (least con¬ 
centrated); 10.3 percent of protein as compared with 1.05 to 1.63 
in human milk (lowest in protein); 22.46 percent of fat as compared 
with 0.78 in mare’s milk (lowest in fat); and 1.44 percent of minerals 
as compared with 0.18 to 0.21 in human milk (lowest in minerals). 
Human milk is highest in milk sugar, containing 6.79 to 6.98 percent 
as compared with 2.5 for reindeer’s milk, which is lowest. 

There are also considerable variations in the milk of a single species. 
In the case of cows, for exami)le, the milk of the Guernsey contains 
5.19 percent of fat and that of the Shorthorn 3.63; and there are 
breed variations in percentages of water, total solids, protein, milk 
sugar, and minerals. Again, there are variations in the milk of 
individual cows of the same i>reed in the .same environment. Even 
in the same cow, morning milk is usually richer in fat than evening 
milk; and at the same milking, the fimt milk is different from the 
strippings, and that from one quarter of the udder may be different 
from that from another quarter. There are differences in successive 
phases of the lactation period, especially between colostrum milk and 
later milk. 

In general, the relation between the percentage of fat and the 
percentage of protein in cows’ milk is fairly constant. This is useful 
in practice because the fat ])ercentage may be taken as a rough guide 
to the protein and energy values of milk and to the feed requirements 
for its production. Formulas have been worked out for calculating 
the protein and energy content of milk from the fat percentage. 

The principal elements in the ash of cows’ milk arc potassium, 
calcium, sodium, magnesium, iron, phosphorus, chlorine, and sidfur. 
Among the elements found in smaller quantities are copper, zinc, 
aluminum, manganese, and iodine. Spectrographic analysis has 
shown traces of several other elements. Several of the minerals vary 
in quantity at various stages of the lactation period. Iodine is nor¬ 
mally present in milk in varying quantities, and tlic iodine content 
can be increased by suitable feeding, but the method is not economical. 

Flavors and odors are readily transferred to milk from the feed of 
the cow. It has been proved that even when cows only inhale garlic, 
the flavor and odor is transferred to milk through the lungs and the 
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blood stream. Certain drops and medicines given to cows have also 
been found in the milk. 

UTILIZATION OF FEED ENERGY AND FEED PROTEIN IN MILK SECRETION 

Data have been compiled by various workers to show how much 
of the energy in feeds is used for milk production. These serve as 
standards to indicate how much energy must be supplied in the feed 
to produce a given quantity of milk. 

Several steps are involvcil in these calc.ulations; (1) Either the 
digestible energy or the metabolizable energy in the feeds is calcu¬ 
lated. The metabolizable energy is the part of the digestible energy 
that is actually usable in the organism. (2) From this is deducted 
the energy required for maintenance, growth or fattening, and gesta¬ 
tion. The remainder is the amount available for milk production. 
(3) The total gross energy in the milk is calculated. (4) This is 
divided by the energy available for milk production. (5) The quo¬ 
tient is the “net efriciency of energy utilization”—in other words, the 
percentage relationship of the energy in the milk to the energy in the 
feed that is available for milk secretion. It is a somewhat indirect 
way of saying how much of this available energy actually goes into 
the milk. 

Several variables are involve<l in all such data, and these tend to 
make them inaccurate. For example, the breed of the cow may 
possibly make a difference; also the composition of the milk, the 
stage of lactation, the level of feeding, and the completeness and 
balance of the ration. There are also uncertain and arbitrary assump¬ 
tions—for example, in figuring the maintenance requirement, which 
must be deducted first. Moreover, the figures used are averages, 
whereas there is always a considerable variation between individual 
cows in the efficiency of feed utilization for milk secretion. Thus the 
averages can be used only as a general guide by the producer. He 
must take the individuality of his own cows into account. 

According to the lowest of five different seta of calculations, the 
energy in milk is 58 pendent of the available digestible energy in the 
feeds and 62 of the available metabolizable energy. According to the 
highest, it is 62 and 69.4 percent, respcctiv('ly. 

According to the lowest of 10 different standards, 5.456 pounds of 
total digestible nutrients are require«l daily for the maintenance of a 
1,000-pound cow. The highest standard is 7.925 pounds (equiv>dent 
actually to about 7.5 pounds because of the method of calculation). 

According to the lowest of eight different standards, 0.285 pound 
of total digestible nutrients is required to produce a pound of 4-percent 
milk. The highest standard gives 0.343 pound. There are similar 
variations in the standards for milk with other percentages of fat. 

In figuring the utilization of protein in milk secretion there are 
many uncertainties and unanswered qxiestions. For example: When 
50 or 60 percent of a feed protein is said to be digestible it is possible 
that 90 to 100 percent of it is actually digested, but 40 to 50 percent 
eventually appears as nitrogen-containing products in the feces, so 
that this percentage is counted as having passed through the aniinal 
without being digested. Again, only 10 of the 20-odd amino acids 
must be supplied in the diet of the rat for maintenance and growth; 
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it can presumably make the otliers in its own body, and it is assumed 
that the situation is about the same for other animals. Bxit is it? 
And even if the other amino acids can be made in the body of the 
cow, would it be better to supply them in the diet for economy in 
milk production? Certain amino acids are probably needed in rela¬ 
tively large quantities for milk secretion; but are they needed in any¬ 
thing like as large quantities for body maintenance? 

There is very little reliable information on the amino acid composi¬ 
tion of the protein mixtures in feeds. It has been noted that the 
utilization of feed proteins in milk secretion seems to vary with their 
content of the amino acid lysine, and on the basis of the lysine con¬ 
tent of various feeds the feeds might be graded in the following order; 
Blood meal, skim milk, meat meal, beans, peas, soybeans, peanut cake, 
alfalfa, wheat bran, cottonseed meal, linseed meal, oats, red clover hay, 
wheat, corn, barley, oat straw, beet pulp. Tn another experiment, 
certain sources of protein were rated as follows in biological value: 
(1) Fresh and dried spring grass, grass silage from summer grass, low- 
temperature dried blood meal; (2) fresh aiul dried autumn grass, bean 
meal, and pea meal; (3) decorticated peanut cake, decorticated pea¬ 
nut cake and flake maize; (4) linseed cake, linseed meal. Such analyses 
at present cannot be considered as exact; they merely give an 
idea of how proteins may vary in feeding value. In certain ])rotein- 
balance experiments it was foinul that when milk proteins were fed 
with a basal ration of corn stover and starch, the cows laid on protein 
reserves in their bodies, but when the sanu! (piantity of wheat «u’ corn 
proteins were fed the cows actually “milked flesh oil their bodies” to 
maintain production. 

It has been suggested that the biologiiad value of feed proteins for 
milk secretion may be safely assumed to be not less than 50 percent, 
and that the cow should receive an amount of digestible protein 
equivalent to twice the protein secreted iti the milk. 

Several calculations have l)een made of the amount of protein 
needed for maintenance and the efficiency of the utilization of protein 
in milk secretion. Some controversy at present centers aroinid the 
question of whether it is necessary to feed 0.7 pound of protein daily 
per 1,000 pounds of live weight for the maintenance of a cow, and 
liow much should be fed in addition for milk production. The latter 
figure varies in different standards from 1.25 times the protein in the 
milk, which would be a low-protein level of feeding, to 2 times, which 
would be a high-i)rotein level. The inadequacy of a level as low as 
0.5 pound per 1,000 pounds for maintenance and 1.25 times the pro¬ 
tein in the milk has beeii clearly demonstrated in one experiment, at 
least for the cows used in that experiment. It was also demonstrated 
that cows react very differently to a low-protein level of feeding, and 
with some it may prove disastrous. 

THE VITAMINS IN MILK AND IN MILK PRODUCTION 

In the cow’s body the yellow carotene from plant foods is converted 
into colorless vitamin A. Both unconverted carotene and the color¬ 
less vitamin are transferred to the milk. The color of the butterfat 
depends on the amount of carotene it contains. Some breeds of cows 
convert carotene into vitamin A more efficiently tlian others. On 
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the same diet their butt erf at would be less yellow than that of the 
less efficient converters. This inij^ht simply mean that it had more 
actual vitamin A and less unconverted carotene. In general, however, 
the color of butterfat is an indication of its vitamin A potency. 

1 he amount of carotene (or of vitamin A) in the (!ow^s ration has 
little or no effect on the milk yield, hut it determines the vitamin A 
potency of the butterfat. When the carotene received by the cow is 
less than a certain amount the calves bom are abnormal; when it is 
reduced still more the cow herself becomes night blind; when the cow^s 
milk has less than a certain vitamin A potency the nursing calf 
becomes night blind. 

In general, the more carotene there is in the cow's ration the greater 
will be the vitamm A potency of the butterfat—and, of course, the 
milk containing the butterfat. Grains including even yellow com - 
are a poor source of carotene. The cow usually gets 90 percent of her 
carotene supply from roughage. Furnishing an adecpiate or generous 
amount of carotene, therefore, is a matter of feeding the right kind of 
roughage. A ration in which poor timothy hay is the sole roughage 
may result in butterfat that has only one-fiftieth as much carotene 
as one in which the roughage is high-(piality alfalfa hay. 

The vitamin A [)oteii<‘y of milk and butterfat then can be directly 
controlled by diet. To what extent this should be done in the case 
of milk for human consumptiem remains to be seen. For suckling 
calves the milk should certainly have enough vitamin A potency to 
permit normal growth. 

During lactation an animal recjuires more of the B vitamins (par¬ 
ticularly Bi and G) than at other times. Its health, the capacity to 
lactate, the yield of milk, and the composition of the milk are all 
affected by the sup])ly of these vitamins available. A deficiency of 
vitamin Bi leads to reduced food consumption, and this in itself would 
affect the yield and |)robably the protein content of milk. Suckling 
young may suffer from severe deficiency diseases when the mothers 
an‘ on diets low in vitamin Bi. 

Whether the B vitamins need to be supplied in the ration of the 
dairy cow, either for her own use or for secretion in her milk, is another 
matler. There is evidence that these animals manufacture some of 
these vitamins in their paunch. With human behigs and rats there 
is no doubt about the need for vitamin B, in the diet. And the con¬ 
centration of vitamin G in cow’s milk as in human mill: —may be 
increased 50 to 75 percent by increasing the vitamin (J in the diet. 

The cow makes vitamin G in her Ixnly and does not rerpiire it in 
her diet. In fact, if she does consume it in food, it may be destroyed 
by oxi(lation in tlie rumen or first stomach. Along with the vitamin 
C in foods there is often an enzyme that hastens the oxidation of 
vitamin C; and after oxidatioii has proceeded beyond a certain point 
the vitamin is no longer active. A little copper speeds up the aetiofi 
of this enzyme a great deal. After milk is drawn from the cow the 
vitamin C it contains soon begins to oxidize. Pasteurization hastens 
the j^roccss, and pasteurizing in copper vessels speeds it up still more. 
Heating for half a minute at 170® F., however, will destrojr the 
enzyme, and copper is then not so damaging to the vitamin C in the 
milk. 

1 naar :tt)-a 
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The vitamin O content of human milk is considerably higher than 
that of cows’ milk and may be increased by feeding large doses of 
vitamin C. There is some evidence that the content in cows milk 
may be increased by injections of vitamin C under the skin. 

Symptoms of vitamin D deficiency in cattle may be produc^l 
experimentally by keeping the animals in the dark on a yitamm D* 
deficient ration. These conditions would seldom occur in practice. 
The requirements of the animal are met by ordmary rations and a 
little exposure to sunlight. An increase of vitamin D in the feed or 
exposure to sunlight increases the vitamin D content of the_ milk. 
Milk fat produced in summer may contain nine times as much vitamin 
D as that produced in winter. 

GLANDS, HORMONES, AND BLOOD CONSTITUENTS—THEIR RELATION TO MILK SECRETION 

Glands and Hormones 

In the attempt to unravel the mysteries of lactation, some experi¬ 
mental work has been done with hormones secreted by various glands 
ill the body. 

Milk is secreted by the mammary gland (the udder or breast). What 
part do hormones play in the development of this gland? 

Experiments show that the mammary gland does not develop 
fully in an animal without ovaries. In females deprived of their 
ovaries (spayed), however, injections of cstrin (a hormone secreted 
in the sex organs during heat) stimulates an incomplete development 
of the mammary gland. The gland can be stimulated to still further 
development by injections of estrin and the yellow-body hormone 
(also secreted m the sex organs during heat). But the mammary 
gland will not develop with cither or both these injections if the 
pituitary gland (located in the head) has been removed from the 
animal. Pituitary extracts will stimulate, some development of the 
mammary gland in females without ovaries. Thus apparently the 
ovaries, the pituitary gland, and the two sex liormones mentioned all 
act together in the full development of the mammary gland. 

What part is played by hormones in the secretion of milk as dis¬ 
tinct from the development of the mammaiy glarid? 

Animals can produce milk even without ovaries, but milk is not 
secreted in the absence of the pituitary gland unless pituitary extracts 
are given. Some milk secretion can be stimulated merely by manipu¬ 
lating the nipples if the pituitary gland is intact. When' the uterus is 
distended (naturally in pregnancy, or artificially by inserting foreign 
material) milk secretion may decrease or stop. Large amounts of 
estrin will also inhibit milk secretion. This may account for the defi¬ 
nite decrease of milk yield when heat, with its accompanying flow of 
estrin, occurs during lactation. The natural decline in milk yield 
that occurs as the heat cycle is resumed cannot be prevented by 
removal of the ovaries. 

An extract called prolactin, recently made from the pituitary gland, 
will stimulate milk i>roduction in a normal animal provided its own 
pituitary gland is intact. When an animal’s pituitary gland is 
removed every other endocrine gland in the body wastes away, includ¬ 
ing the adrenal gland located near the kidney. Prolactin will still 
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stimulate milk secretion after tlie pituitary gland is removed provided 
extracts from the adrenal gland are given‘at the same time; but injec¬ 
tions of common salt can be substituted for adrenal extracts with the 
same results. Apparently, then, the adrenal gland is not essential for 
milk secretion. Experiments prove that the thyroid gland is not nec¬ 
essary cither. 

The pituitary gland has powerful effects on many body functions. 
Its seendions arc made of protein, and the protein's in the diet may 
have much to do with their formation. One of these secretions is a 
hormone that stimulates the sex glands (gonads). In the past few 
^vears, unidentified substances that also stimulate the gonads when 
injected into an animal Inive been extracted from the green leaves of 
yining plants. Does this have some connection with the observed 
stimulating effect of young jinsture grass on milk production? 

Pituitary extracts cannot yet be used safely for such purposes as 
stimulating the production of inilk, but the exjierimental work so far 
is highly suggestive of iiossibilities for the future. 

Blood Constituents 

Among the constituents of milk produced in the mammarv' gland are 
lactose (milk sugar), proteins, and certain easily evajxu'ated fatty 
acids. What materials in the blood stream are used to make these 
substances and how does the level of the material in the blood affect 
milk secretion? 

The sugar in blood is glucose, klxpcriments show that the mam¬ 
mary gland does take glucose out of the blood. They also show that 
nuunmaiy-gland tissues can readily make lactose If supplied with 
glucose. Cbemically, this would require a complex and far-reaching 
rearrangement of some of the glucose molecules. Other exjjeriments 
indicate that both glucose and lactic acid may be taken from the 
blood to make the lactose in milk. Reducing severely the amoimt of 
glucose in the blood reduces the amount of lacto.se In the milk, but 
ordinary reductions in the amount of carbohydrate in the cow’s diet 
do not. Instead, they reduce the milk yield and the amount of 
protein in the milk. 

Lactoglobidin, one of the proteins in milk, is idejitical with serum 
globulin in blood, and is believed to come directly from that source. 
Two other proteins, lactalbumin and casein, are believed to be made 
in the mammary gland from amino acids and polypeptides (simple 
combinations of amino acids) in the blood stream. The evidence indi¬ 
cates that amino acids and jjolypeptides arc taken from the blood 
stream and used to make milk proteins. Some workers re])ort that 
this is also true with serum globulin. A change in the quantity or 
quality of proteins in the diet may affect not only the secretion of jiro- 
tein in milk but also the amount of milk secreted as a whole. 

All the fatty acids in milk except those that are easily evaporated 
could come directly from the feed and the blood. The easily evapo¬ 
rated fatty acids are made in the mammary gland, but their origin is 
unknown. Nor is it known whether the mammary gland makes fat 
out of carbohydrate, though this does occur elsewhere in the cow’s 
body. The percentage of fat in milk bears a fairly constant relation 
to the percentage of protein, and a diet inadequate in protein reduces 
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tlie fat 0(111 tent of the milk as well as the protein oontent ;i> d the total 
yield of milk. 

MILK IN NUTRITIONAL RESEARCH-A SKETCH OF PROr 

111 the clays when chemists were analyzing foods i 
and carbohydrates, they began to make up experiiiw 
substances for animals (rats and mice) in the laboi. 
enough, “although animals can live on milk alone,” wrote liunge, one 
of the German experimenters, “yet if all the [necessary] constituente of 
milk be mixed together, the animals rapidly die.” Evidently there 
was something in milk besides proteins, fats, and carbohvdrates that 
was essential to life. 

This “something” appeared on further experiment to be minerals. 
But even when an artificial diet containing milk minerals was supplied, 
the animals failed to live—as the Englishman Hopkins proved. 
There was still something else necessary to life. This time it proved 
to bo vitamins. 

For six or more decades now, research workers have been making up 
synthetic diets for animals containing everything knowii at the time to 
be necessary for life, growth, and health, and comparing these diets 
with natural foods. Each time the artificial diet, prepared according 
to the best available knowledge, proved to lack some necessary sub¬ 
stance that must have been present in the natural food; and the lack 
of the substance often produced definite symptoms of disease or ab¬ 
normality. Then the search began for this substance through further, 
more careful experiments. 

By such methods the vitamins were discovered one by one. 

The work was enormously stimulated when it was discovered, in 
1885, that human beriberi, prevalent in the Japane.se Navy, could be 
cured mainly by feeding the sailors barley instead of polished rice. 
Experiments with pigeons showed that polishing or refining the rice 
took out a mysterious life substance, a vitamin. Experimental work 
showed that this substance was necessary for growth as well as the pre¬ 
vention of beriberi. Later it was found that there wore two separate 
vitamins, one preventing beriberi and promoting growth (vitamin Bi) 
and another, with different characteristics, also promoting growth 
(vitamin G). 

Eventually two other vitamins were found in this origijial “vitamin 

B. ” One was vitamin Ba, isolated in crystalline form in 1938. Lack 
of this vitamin produced a skin disease in chicks. Another was 
nicotinic acid, which cured blacktongue in dogs (blacktongue being the 
canine form of pellagra). And there may be still other vitamins in this 
original “vitamin B” that cured beriberi. 

There are similar stories connected with the discovery of vitamins A, 

C, D, and E. At least eight vitamins are now known. They are nc) 
longer unseen mysterious substances. Within the last few years it has 
hecn possible to see, touch, weigh them, and finally to make some of 
them synthetically in the laboratory. In our time, probably, new vita¬ 
mins will be discovered. 

Some of this work was done with milk, and the list of known sub¬ 
stances in milk steadily increased. Discovering what milk lacked also 
advanced knowledge of nutrition. For instance, knowledge of iron 


cins, fats, 
s of these 
Curiously 
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re(|uironieii fcs was advanced by finding tbat milk lacks sufficient iron to 
sup])ort tilt' young animal beyond a certain stage of growth. 

NUTRITIVE REQUIREMENTS OF SWINE 

Swine are economical converters of feed into body tissue, growing 
rapidly to market weight at 7 to 10 months of age and breeding when 
younger than most famr animals. Their ration is made up largely of 
concentrates with a small proportion of roughage. Until well within 
the present century it was thought that practically all they needed 
were carbohydrates and fats to supply energy, with enough protein to 
build ar ’ maintain body tissues. Early work on nutritive require¬ 
ments V based on this viewpoint. Then it was found that proteins 
are diffei i nt, and that some—the zein of corn, for example—lack amino 
acids essential to the animal body. Finally, a growing list of minerals 
and vitamins came along to complicate the picture. 

The earlier interest in energy requirements has been largely sub¬ 
merged in the United States by the general use of self-feeders for hogs. 
Instead, the problem now is to find the feed mixtures that will promote 
the most rapid and economical gains in weight, and this is to no small 
extent a problem of proteins, minerals, and vitamins. Energy stand¬ 
ards are nevertheless very useful in measuring the elTects of improve¬ 
ments in rations. 

In 1917 Armsby concluded that the net energy required for main¬ 
tenance by swine was 1,199 calories a day per 100 pounds of live weight. 
Different formulas or eejnations have been devised since then for 
figuring maintenance re((uireme)its, and several tables have been 
worked out. After maintenance requirements are met there are addi¬ 
tional requirements for grovvtii and fattening. T’otal energy require¬ 
ments, including mainlenance, growth, and fattening, have been ex- 
l)ressed in a number of slatulards. It is difficult to make such stand¬ 
ards precise for various reasons, and most of them pennit a wide 
latitude in feed allowances. 

It has been demonstrated that the lean tissue of the carcass can be 
maintained or even increased by restriction of the energy intake. 
Further experimental work with restricted diets might residt in better 
information on dietary balance and economical feeding. 

The problem of protein requirements is of more practical concern 
that that of energy re(|uiremeuts. The discovery that a diet of corn 
alone supplies too little protein, qualitati\ ely aiul quantitatively, has 
beeti of major im|)ortance in hog feeding. wSince a good deal of the 
protein sui)plement in the hog’s ration must be purchased, there is a 
powerful reason to meet })rotein requirements economically. 

The amount of protein actually used in the hog’s hotly can be deter¬ 
mined rather accurately; so can the protein content of different feeds. 
But this is only the first step. Not all the protein in a given feedstuff 
is (ligostiblo—nidy 69 to 90 percent of it, for most common feeds. 
And not all the digestible protein is biologically usable in building 
tissue. Many proteins have a biological value not much over 50 per¬ 
cent. For example, according to one study, a growing pig weighing 
100 pounds required 0.029 pound of protein for niaintenance and 0.103 
|)ound for growth, or a total of 0.132 pound daily. In the ration of 
corn, middlings, and tankage, only about half of the total protein was 
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biologically usable—so twice as much protein would have to 
as the hog required. Again, of the total protein fed, only two-thmls 
would be digestible—so half again as much would have to be added to 
take care of this factor. Thus to meet a reciuirement of 0.132 pound of 
protein, the farmer would have to feed 0.132X2X1}^, pr 0.396 pound. 

As in the case of energy, various standards for protein requirements 
have been worked out by different investigators in Europe and the 
United States. Some are low, some medium, some hi^h. Experi¬ 
mental work indicating that the rate of gain of growing pigs increases 
with a larger protein content in the diet suggests that medium-high 
standards should be used in general. 

The body of a 225-pound pig contains 5 pounds of some 13 minerals. 
Calcium and phosphorus make up more than 2% pounds of the total, 
and it is imperative that they be supplied in adequate amounts; but the 
requirements can ordinarily be met by proper selection of feeds. In 
goitrous areas it is necessary to supply iodine, especially to the preg¬ 
nant sow. Suckling pigs that do not have access to some source of iron 
and copper besides the mother’s milk develop anemia unless those 
minerals are supplied in small amounts. Mineral mixtures that will 
meet a possible deficiency of various elements can be made at home 
and fed at the rate of 1 or 2 pounds to 100 pounds of feed. 

Experimental work so far shows that swine need vitamins A and D, 
riboflavin, nicotinic acid, two other fractions of the vitamin B complex, 
and probably vitamin Bi. Lack of vitamin A will produce night 
blindness as well as retarded growth and other physical symptoms, 
including impaired reproduction. A suggested minimum requirement 
is 1 to 1.3 milligrams of carotene or 0.3 milligram of vitamin A per 100 
pounds of body weight. Green feeds and yellow corn are natural 
sources of carotene. Lack of vitamin D produces rickets and poor 
growth. Sunshine will prevent this condition; sun-cured alfalfa is a 
useful source of vitamin 1) in winter. Much work needs to be done 
before the requirements of hogs for the B vitamins are known. Com¬ 
mon feeds that have high protective value in hog rations include 
skim milk, buttennilk, whey, tankage, meat and fish meals, and leafy 
forages. 

With self-feeding, hogs need plenty of water at all times if they are to 
consume enough dry feed to make the most rapid growth. 

PRACTICES IN SWINE FEEDING 

The hog industry in the United States is based on com, but hogs 
can probably make use of more different feeds tlian any other farm 
animal. Prodiuition is carried on in all of the 48 States. There are 
great diffei-ences in the feeds used, and in methods of feeding and 
management, between the four major regions—the Com Belt, the 
South, the Atlantic coast, and the West. 

Among the feeds use«l, the grains supply carbohydrates for energy 
and fattening (the hog is unusually eflficient in converting sugar and 
starch into body fat). All of the grains need to be supplementerl 
with other feeds supplying proteins, minerals, and vitamins for a 
well-balanced diet and economical gains. Yellow corn has a higher 
vitamin A value than white corn. 

Compared with corn as a standard, the feeding value of the other 
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grains runs about as follows: Grain sorghums, 10 percent less than 
corn; wheat (whole, ground), 5 percent more than com, with loss pro¬ 
tein supplement required (wheat byproducts may profitably rejjlace 
one-third of the corn in the ration with good results); barley, 8 to 20 
percent less than corn, depending on the weight of the barley; oats 
(good quality, ground), considered equal to com up to one-third of 
the ration; rye, 10 percent less than com—should not make up more 
than half the ration; rice bran, 10 percent less than com—should not 
make up more than half the ration; bi'ewers’ rice, equal to com— 
produces very firm pork. 

Molasses is considered to have 10 percent less fattening vahie than 
com; it should not make up more than one-fifth of the ration. Sweet- 
potatoes may be fed or grazed in combination with grain; they have 
one-fourth to one-fifth the fattening value of grain. Potatoes should 
be cooked before being fed; they have about a third to a fourth the 
fattening value of grain, and should not replace more than half tlie 
grain in the ration. Root crops are 80 to 90 percent water and have 
little feeding value. 

Soft pork, which is produced by feeds high in oil, usually sulfers a 
cut of 10 to 25 percent in market price. The common softening feeds 
are peanuts, soybeans, mast (acorns and nuts), rice bran, rice polish, 
and coni-germ meal. Young pigs fed on a diet that produces soft 
pork may be hardened off later on grain during the fattening period. 

Wet brewers’ grains have a low nutritive value, though they may 
be an economical feed under some circumstances. Distillery slop, 
propei'ly supplemented, may also be used. 

Grains and other energy feeds must be supplemented with protein 
feeds, home-grown or purchased, for the best results in growth and 
fattening. Skim milk or imttermilk is worth about half and whey 
about one-fourth the price of a bushel of com in hog feeding. After 
weaning, 4 to 5 parts of skim milk or buttermilk may be fed to 1 part 
of corn, the proportion of milk being gradually reduced to 1 or IK parts 
at 150 pounds body weight. The value of digester tankages, from 
the packing industry, should be figured on the basis of their protein 
content, which varies from 35 to 65 percent, according to the grade of 
the product. Tankage furnishes minerals as well as protein. Fish 
meals are similar to taid<age in feeding value, and in addition are a 
source of vitamins A and D. »Shrimp meal (shrimp bran) is a good 
protein supplement. Cottonseed meal is economical but should not 
1)0 fed too heavily. Like linseed meal, it is best fed in a mixture with 
tankage or fish meal, and should be supplemented with a feed rich in 
vitamin A. Peanut meal is good but must bo sui)plomentod with 
feeds rich in calcium and vitamins A and D. Soybean meal (oil- 
extracted) is excellent and may even bo used as the sole protein con¬ 
centrate for hogs wcigliing over 100 pounds. Alfalfa meal is fairly 
rich in minerals and vitamins A and D, though it is too bulky to be 
fed as the only protein concentrate. Alfalfa-loaf meal is higher in 
protein and lower in crude fiber. Protein feeds may be mixed with 
grain or fed as a separate i)rotein mixture in a self-feeder that allows 
the hogs free choice of different feeds. 

In selecting the hog ration as a whole, it is well to avoid any com¬ 
bination that contains over 6, or at the most 7 to 8 percent, of crude 
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fiber. Generally, the ration shoxild contain 18 to 20 percent of protein 
for pigs weighing 35 to 100 pounds; 15 percent for those weighing 100 
to 150 pounds; about 12 percent for those weighing 150 to 225 pounds. 
The choice of individual feedstuffs depends largely on local conditions 
and comparative costs. If the ration is well balanced, it should fur¬ 
nish enough minerals, especially if pasture, legume hays, and yellow 
com are used. In the dry-lot, a mineral mixture may be fed if neces- 
sary. . 

Any one or any combination of four methods of feeding may be 
used—hand feeding, self-feeding, limited feeding, or hogging-down 
crops. In hand feeding the hogs are usually fed twice daily, and they 
must accept the feed mixture as a whole. In self-feeding, different 
feeds are usually placed in separate compartments. The hog balances 
its own ration, cats less at a time but more often, and gains economi¬ 
cally and rapidly. In limited feeding, the hogs are fed less than a full 
daily ration; the method requires more labor but may be worth while- 
under certain circumstances since it results in economical gains. For 
hogging down, com is the principal crop used, or pemiuts, sweet- 
potatoes, and root crops in the South; usually a short period of dry-lot 
feeding is required to finish the animals. 

Good pasture may save 15 percent of the grain required; it speeds 
Tip the rate of gain compared with dry-lot feeding and helps to control 
parasites if pastures are rotated. The plants most commonly used for 
permanent pastures are alfalfa, red clover, alsike clover, white clover, 
bluegrass, orchard grass, lespedeza, and carpet grass; for temporary 
pastures, rape, rye, oats, wheat, soybeans, cowpoas, and field peas. 
Good legume pasture may cut 60 to 70 percent off the amount of 
protein supplement required in the ration. 

Suckling pigs may be fed protein supplements beginning at 3 weeks 
of age. Following weaning, the ration must be high in protein for 
good growth. After the early period of rapid growth, the proportion 
of protein is cut down and that of fattening feeds is increased. Fat¬ 
tening pigs on full feed require about 1 pound of feed daily for every 
20 pounds of live weight up to 100 pounds. From 100 to 200 pounds 
they require about 1 pound of feed daily for every 25 pounds of live 
weight. About 1 pound of protein concentrate is required to 9 
pounds of com. From 35 pounds weaning weight to 200 pounds mar¬ 
ket weight, a hog will need 660 pounds of feed—594 of corn and 66 of 
protein concentrate. 

Breeding pigs should be fed to get maximum growth without too 
much fat. Gilts are usually bred at 8 to 8K months of age, to farrow 
the first litter at 1 year. During the gestation period, additional 
protein should be fed to the sow to meet the needs of the groAving 
embryos. In fact, a protein reserve should be built up in her body 
for the subsequent drain of lactation. A considerable proportion of 
animal protein, and a mineral mixture, shoidd be included in the ration. 

A sow suckling a litter requires feeds that will furnish a heavy milk 
flow. 

FEEDING PROBLEMS WITH SHEEP 

Most of the experirnental work on sheep feeding has been in the 
form of practical feeding trials. There has been little research on 
specific requirements for proteins, minerals, and vitamins. The need 
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for economy in sheep feeding, which is becoming more urgent, will 
almost c< tainly throw greater emphasis on a closer study of nutritive 
needs. 

The mineral deficiencies most likely to show up in sheep feeding are 
those of calcium, phosphorus, or iodine. Each of these can readily be 
supidied as a mineral supplement if necessary. The vitamin that is 
most likely to be deficient—and this especially when sheep are fed 
on poor-quality roughage in the winter—is vitamin A, which can be 
supplied as carotene by feeding plenty of early-cut well-cured hay. 
Sheep need plenty of fresh water, and they consume relatively more 
salt than cattle. 

Good pasture and good roughage are the backboin^ of sheep feeding. 
In some regions, flocks can thrive the year round without any grain. 
Under many conditions, it is advisable or necessary to use some con¬ 
centrates. Alfalfa hay is an outstandingly good feed. Much timothy 
is used, but it is very important that it be cut young. Silage or roots 
can be fed with hay. Depcmdence on pasture or range alone often 
j)resents problems of nutritional deficiencies, because of the nature of 
the soil or plants, which retpiire correction by suitable supplements 
such as phosphorus or trace mineral elements. 

Tn the East, and in irrigated and dry-farming areas of the West, 
sheep arc kept in farm flocks of 20 to 200 head. In the fall the breed¬ 
ing sheep can usually get much of their feed from stubble and stalk 
fields, followed by clover and grass pastures, rye or wheat pastures 
(with concentrates), or, in the vSouth, velvetbeans. Most of the feed 
will come from pasture during late spring, summer, and early fall. 
Suggested winter dry-lot combinations given in pounds per head daily, 
for pregnant ewes weighing 110 to 140 pounds, are (in pounds): 

(1) Alfalfa or soybean hay, 2; corn silage, 2; shelled corn, one-halif; 

(2) alfalfa hay, 3; corn stover, 2; (3) alfalfa or clover hay, 3K; corn 
silage, 2; (4) oat straw, 2; corn silage, 2; shelh'd corn, three-fourths; 
linseed meal, one-fourth. Cottonseed meal as a protein concentrate 
is best used in limited quantities— not over one-fourth of a pound i)er 
head daily- with other feeds. 

In the West, most sheep are in range bands usually 1,000 to 2,000 
head. They subsist largely on natural foiage, but snow, drought, 
and overgrazing make it necessary at times to feed hay and concen¬ 
trates. Alfalfa hay tnay be fed alone, or native hay may be used with 
a protein concentrate such as cottonseed cake- Suggested rations for 
range ewes weighing 110 to 140 pounds are (in pounds): Before lamb- 
i?)g- alfalfa hay, 4; whole oats, one-half; after lambing -alfalfa hay, 

corn silage, 2K; wdiole oats, three-fourths. Under some conditions, 
ewes should be fed grain for 3 or 4 weeks before lambing, and corn 
silage or beet pulp may be used before and after lambing. 

Rams on farm or raiige may be fed like ewes, in somewhat larger 
(piantities. They do not need to be fattened, but they shmdd have 
feed of rather high quality just before and during the breeding season. 

Flushing (extra feeding) of ew'es to increase the number of tw-ins 
ai\d extra feeding of lambs through the suckling period are profitable 
wherever they can be done economically. Good pasture is best for 
this; grain may be used as a supplemental feed. The ewe must be 
fed to gain at least a pound a w^eek during the breeding season. 
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Where pnstiires and ranges are good enough, lambs can be “milk- 
fed” to be ready for market at weaning time. A considerable part of 
the lamb crop, however, must be fattened after weaning. Corn and 
alfalfa hay are the preferred feeds for fattening lambs. Other feeds 
used where they are economical include barley; sorghum grains; oats; 
wheat; rye; cottonseed or linseed meal; silage of corn, corn and soy¬ 
beans, sorghum, pea vines, peas and oats; and wet beet pulp, turnips, 
mangels, rutabagas, beet tops, cabbage, and cull potatoes. A sug¬ 
gested fattening ration consists of 7 parts of corn and 1 part of cotton¬ 
seed meal by weight, plus corn silage and clover hay. This is fed at 
the rate of about 1% pounds each of concentrates, silage, and hay per 
head daily for lambs entering the feed lot at 60 to 65 pounds and 
finishing in 80 to 90 days at 90 to 95 pounds. 

Hothouse lambs are lambs produced out of season—born in fall or 
early winter, ready for market at 2 to 4 months of age (about 40 to 
60 pounds) while they are still suckling. The mothers of these lambs 
must be exceptionally well fed for milk production. A suggested 
ration consists of 5 parts corn, 2 parts oats, 2 parts wheat bran, and 
1 part linseed meal by weight, plus corn silage and well-cured second- 
cutting alfalfa or their equivalent. This is fed at the rate of about 
1 to IK pounds of the concentrate mixture, 2 to 3 pounds of corn silage, 
and 2 to 3 poumls of alfalfa hav per head daily. The lambs should be 
fed in a creep beginning at about 2 weeks of age. The same com¬ 
bination of feeds may be used, but the corn should be cracked, the oats 
crushed, the alfalfa bright and leafy, and the silage the best available. 
They may be fed as much as they will clean up each day. 

Poisonous plants are a serious problem on the range where close 
herding is practiced so that the sheep clean up all vegetation as they 
go along. The principal poisonous range plants are the death camas, 
locoes, and lupines (pods and seeds). Wild cherries, certain milk¬ 
weeds, the ray less goldenrod, the Colorado rubber plant, the “coffee 
bean” of Texas, and the sneezeweed have caused losses. There is as 
yet no practical method of eradicating most of these plants. 

FEEDING PROBLEMS WITH GOATS 

Goats are very fond of browse (leaves, twigs, and weeds), though 
they also relish good grass. Otherwise they eat about the same feeds 
as sheep. They should have free access to salt. In some cases, sup¬ 
plements of calcium, phosphorus, or iodine may be necessary. 

Angora goats arc fed on browse, weeds, grass, and, in winter, ever¬ 
green brush (except cedar and conifers). In winter, it may be neces¬ 
sary to use such supplementary feeds as hay, kale, rape, com, inilo, 
feterita, oats, or other grains. If the winter roughage is low in pro¬ 
tein, some protein-rich concentrate should be added. A suggested 
allowance when the animals must be fed entirely on stored feeds is 
one-fourth to one-half pound of good concentrates and 3 to 4 pounds of 
good roughage. 

The feed required for one cow will be enough for six or eight goats, 
but the milk goat should be proportionately as well fed as the dairy 
cow. According to tests, a pound of grain a day will be required for 
each quart of milk produced per day as an average throughout the 
period of lactation. A doe that is pastured as much as possible may 
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ro(iuire some 500 potnxls of choice to good legume hay and 450 pounds 
of grain a year. A suggested whiter ration for does in milk consists 
(in pounds) of alfalfa or clover hay, 2; corn silage or roots, 1)(; grain 
mixture, 1 to 2. A good grain mixture might be made (in pounds) of 
corn, 100; oats, 100; wheat bran, 50; linseed meal, 25. A doe on good 
pasture may be given 1 to IK iiounds of grain mixture a day. 

Other feeds used for goats are timothy hay (early-cut), corn stover, 
coni and sorghum silage, mangel-wurzels, carrots, rutabagas, jiarsnips, 
tuniips, beet pulp, barley, cottonseed meal or cake, brewers’ grains, 
corn bran, gluten feed. 

A oung does should be kept in good growing condition on browse 
and pasture, supjilementcd with a little grain if necessary. A sug¬ 
gested winter ration consists of grain, 1 pound, silage or roots, 1 to Wi 
|)ounds, and all the hay or other roughage the doe will consume. A 
kid to be raised for milking should have IK to 2 pounds of milk a day 
beshles good pasture or roughage and a little grain. Whole cows’ milk 
may be used, or even skim milk (2 to .S ])ounds a day, suiiplcmenteil 
with choice alfalfa hay and grain) if the change from whole milk to 
skim milk is made gradually. At about 10 weeks of ago, the milk 
may be largely replaced by good alfalfa hay and mixed grain. 

Bucks on good ])asturc need no grain. In winter they may be fed on 
legume hay and corn stover, with silage or root crops and enough grain 
to keep them in good condition. 

In all but a few municipalities, goat meat goes into the regular trade 
as mutton or lamb. For the best finish, such fattening feeds as corn, 
harley, or sorghum grains should be used, together with good forage. 
A suggested ration consists (in ])ounds) of alfalfa hay, 2; corn silage or 
roots, iK; grain mixture, 1 to 2. 

NUTRITION OF HORSES AND MULES 

The feeding re(|uirements of horses, like those of other livestock, 
call for ade((uatc amounts of energy, protein, minerals, and vitamins. 
Some feeding standards for energy and protein have been workeil out 
acconling to type and weight of the animal ami the work it does. 
Those given by Morrison range from 5,(i(){) calories of net energy and 
0.6 pound of digestible ])rotein a day for a mature idle horse weighing 
1,000 pounds to 24,100 calories and 2.4 pounds of digestible protein 
hir a mature horse weighing 1,800 ])ounds at hard work. Morrison 
also gives standards for brood mares nursing foals and for draft colts 
after weaning. Relatively, the protein reipiirement is greatest for 
young growing colts and ])regnant and nursing mares. The energy 
requirement of the growing colt is also relatively high. For mature 
animals, the energy reipiirement is determined by the size of the ani¬ 
mal, the kind and amount of work performed, and individual charac¬ 
teristics. 

The mineral requirements are highest for calcium and iihosphorus, 
as with other animals; and they arc relatively greater during the period 
of growth and in pregnancy and lactation. There is no clear experi¬ 
mental evidence to indicate the quantitative requirements for those 
two minerals at any age, but according to analyses of carcasses, 
Perchcron horses weighing between 400 and 1,600 pounds need 13.5 
grams of calcium and 13.6 grams of phosphorus a day. Lack of sufli- 
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cient calcium or phosphorus produces the same kinds of nutritional 
diseases and ahuormahties that occur in other animals. Horses must 
liave common salt daily, and the amount needed is highest when they 
are at heavy labor, particularly during warm weather. In the so- 
called goiter belt of the United States it is advisable to use an iodine 
supplement, especially for pregnant brood mares and colts. 

Little is known about the vitamin requirements of horses, but they 
are probably similar to those of other animals. Horses get night 
blindness from a deficiency of vitamin A. 

When it comes to practical feeding, the results of experience inay 
be added to the very limited amount of experimental work in setting 
up standards and formulating rations. 

Many people consider oats tlie best concentrate fec<l for horses, but 
there is evidence that other grains may be as good. Com is mt)st 
commonly fed in the Com Belt; it is low in certain proteins, ininerals, 
and some vitamins, but these may be supplied by alfalfa and other 
legume hays. Barley is used in many parts of the West; it should be 
rolled, crushed, or coarsely ground. Wheat bran is a favorite feed; a 
small amount will improve almost any ration, and it is often usetl as a 
laxative mash. Old-process linseed meal in amounts of K to 1 pound 
per head daily may be fed as a laxative and conditioner. Choice 
cottonseed meal may be used as a protein supplement in limited 
(piantities. Wheat, rye, rice, and some leguminous seeds are some¬ 
times fed; all should be rolled, crushed, or ground. 

Since the stomach of the horse is comparatively small and the 
energy requirements of the animal are relatively high, roughage often 
should be limited and of good quality, especially during periods of 
hard labor. Timothy hay is popular but not so valuable as legume 
hay. Johnson grass, used in the South, compares favorably with 
timothy. First-cutting alfalfa is excellent but should be restricted to 
1 pound or less daily to 100 pounds of live weight. Bright red clover- 
hay is a good roughage and may be mixed with timothy. Soybean 
hay is slightly laxative; it should be fed in somewhat limited (juanfities. 
Oats, barley, and wheat, cut before maturity and properly cured, 
make good hay that includes some gi-ain. Prairie hay and hays from 
cowpeas, millet, and sorghum are used in some sections. Cheap, 
low-quality roughages such as corn fodder and straw may be econom¬ 
ical feeds under certain conditions, if combined with good roughagr* 
and concentrates. Coni silage should be considered as a supplement 
or appetizer. Good alfalfa silage might well be used more than it is. 
Pasture alone does not furnish enough nutrients for steady work, 
but it may be used to maintain idle stock, and it is always valuable 
for minerals and vitamins. 

A mature horse drinks 10 to 12 gallons of water a day. Regularity 
and frequency of watering arc important. 

Where there is a known or probable mineral deficiency, a mineral 
supplement should be fed, especiajly for young stock. Dried milk 
products, steamed bonemeal, or dicalcium phosphate may be used 
for a phosphorus deficiency; ground limestone or oystershell flour 
for a calcium deficiency. A calcium supplement alone should not be 
added to rations low in phosphorus. Mineral supplements may be 
mixed with common salt. 
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A general guide for quantity of feed is to allow IX to 1% pounds of 
grain with 1 pound of hay per 100 pounds of live weight for horses at 
heavy work; 1 pound of grain and 1 to 1% pounds of hay at light work. 
Grain for horses at work is usually given in equal poi-tions morning, 
noon, and night; most of the hay at night, some in the morning, very 
little at noon. Overfeeding is more common than underfeeding when 
horses are working irregularly. 

An idle horse may be carried almost entirely on roughage. During 
the winter, it should not he allowed to become either fat or tlun. 
A horse wintered in the open with a shed for protection is likely to 
be in better condition in the spring than one confined to a stable 
without exercise. A period of 2 to 4 weeks on a gradually increasing 
quantity of grain and good hay is usually required to fit the idle horse 
for heavy spring work. The brood mare needs special handling after 
parturition. The foal will start to take dry gram at a month or so 
of age. It should be eating about 4 pounds of grain a day at weaning 
age (6 months), as well as grass or legume roughag(', ami from then 
until 12 months of age it should have good rations with plenty of 
protein, minerals, and vitamins. Grain may be limited if roughage 
is good. 

PRACTICAL NUTRITIVE REQUIREMENTS OF POULTRY 

The egg-laying cui)acity of a hen is determined largely by her inheri¬ 
tance, but the nund)er of eggs she actually lays is determined by the 
kind and (piantity of food she eats. The maintenance requirement 
of the hen depends on her size; for a 3)2-])ound White Leghorn pullet 
it is 0.134 to 0.148 pound of feed a day, and for a 5K-pound Rhode 
Island Red it is 0.205 to 0.227 pound. After growth and maintenance 
ro(iuirements have been met, it takes 0.09 ])ound of feed a day, on 
the average, to produce a 2-ounce egg. A White Leghorn pullet will 
consume a total of 7.7 to 8.7 pounds of feed per dozen eggs if she lays 
100 eggs a year, but only 4.4 to 4.9 pounds per dozen if she lays 200 
eggs. Hence the economic importance of high pro<luction. 

"'Grain alone will not su|)i)ort high egg production; it does not con¬ 
tain enough of the right kinds of proteins. The feed consumed each 
day should furnish not less than 12.5 grams of protein of good quality 
for high production, and not less than 20 percent of the protein should 
be of animal origin (from milk, meat, or fish products). It is safe to 
rely on a protein content of 10 to 17 i)ercent of the diet. 

A chicken laying 200 eggs a year puts into them about 400 grams of 
calcium—-13 to 15 times as much as there is in her body. Thus if the 
diet contains too little calcium, egg laying ceases. The percentage 
of calcium to feed in the diet dei)ends on the number of eggs laid, the 
(piantity of feed consumed, and the percentage of phosphorus fed. 

About ().i5 percent of salt should be added to the average diet. 
Mair^ feed mixtures do not contain enough manganese, and this ma,v 
be added to the salt at the rate of 1.7 parts of anhydrous manganous 
sulfate, or 2.5 parts of manganous sulfate tetrahydrate, to 100 [larts of 

If the eggs are to be used for hatching, the following quantities of 
vitamins per pound of feed should be used; Vitamin A, 4,720 Intel- 
national Units; vitamin Bj, 180 International Units; vitamin D, i)40 
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A. O. A. C. chick units; vitamin G, 1,250 Cornell chick units. Smaller 
((uantitics of all except vitamin Bi—the requirement for this is low 
anyway—would usually be adequate for egg production if the eggs 
are not to be iised for hatebing, but it is advisable to feed at the higher 
vitamin level in either case. 

The market quality as well as the quantity of eggs is affected by 
diet. It is reported that certain fee(ling stuffs give undesirable 
flavors to eggs if fed in excessive quantities. Eliminating green feeds 
and yellow corn from the diet produces eggs with light-colored yolks, 
ami dai’k orange-red yolks may be produced by feeding ground 
pimiento pepper or cbili pepper. Cottonseed meal tends to have an 
undesirable effect on the color of both yolk and white. A deficiency 
of vitamin D, calcium, or manganese results in poor shells. Too much 
bran and salt in the diet produces loose droppings that soil the eggs. 

There is little evidence concerning the effect of diet on the fertility 
of males. The hatchability of eggs, however, is adversely affected 
by a deficiency of vitamin D, as in winter or under confinement. 
Feeding greenstuffs may improve hatchability by providing vitamin 
A, vitamin G, and other factors. Diet affects the percentage of 
protein in both the yolks and the whites, but apparently not the com¬ 
position of the protein, it affects both the percentage and the coni- 
position of the fat. The content of minerals (calcium, phosphorus, 
manganese, iron, copper, iodine, fluorine) in eggs and developing 
embryos may be affected by diet and, in some cases, by irradia tion with 
ultraviolet light. Second-week embryonic mortality is gieater when 
the diet contains plant-protein than when it contains animal-protein 
supplements. An excess of vitamin D decreases hatchability. Too 
little manganese or calcium, or too much calcium in relation to phos¬ 
phorus, affects hatchability adversely. Selenium has a to.xic effect 
on embryonic development and hatchability. Sunshine has a favor¬ 
able effect, apparently supplying some factor besides vitamin D. 

For growth, chickens make more economical gains per pound of 
feed if they are fe«l at least 30 percent under the full-feeding level. 
However, they reach the heaviest weight aiul gain in the shortest 
time on full feed. In practice, then, they are fed all they can be 
induced to eat, so that egg or meat production may be pushed to the 
limit. 

For growth of the young birds, special attention must be given to 
the amount ami quality of protein, and to the quantities of minerals 
and vitamins, in the diet. If these are ade(|uately supplied, the 
ration is not likely to be deficient in carbohydrates or fats. Particular 
care must be taken in the first few weeks after hatching, since this is 
the most critical period in the life of the chicken. 

The best level of protein feeding for growth is probably at 20 to 21 
percent of tbe ration. It is good practice to feed at this level to the 
age of about 12 weeks and tben gradually decrease the protein content 
to 16 to 17 percent. Growing turkeys may be fed a ration containing 
25 percent of protein to 12 weeks of age, gradually decreasing it to 
17 percent at 24 weeks, then to 14 to 15 at marketing age, and finally 
to 13 to 14 for breeding stock over 30 weeks old; but the amount 
should be again increased to 16 to 17 percent before and during the 
breeding season. 
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A satisfactory level of phosphorus intake for the growing chicken 
is 0.7 percent of the ration, in combination with 1.12 percent of cal¬ 
cium. Manganese must often be added to the diet, as already indi¬ 
cated for egg production. 

The minimum vitamin A level for growth is 780 Tntornational Units 
jier pound of feed, and a satisfactory level is 1,450 International Units 
per pound. Much more than this may be fed without harm. Turkeys 
a])parently require two to two and one-half times as much vitamin A 
as chickens. The most favorable vitamin Bj level for growing chickens 
is about 180 International Units per pound of feed, and turkeys seem 
to have about the same reciuircment. A satisfactory vita min'D level 
for chickens is about 180 A. O. A. C. chick units per pound of feed; 
young turkeys probably require twice as much. Apparently young 
growing chickens and turkeys have the same ribollavin requirement— 
about 1,670 Cornell chick units jicr iiound of feed. Other vitamins or 
factors arc reciuired but the (|uantities are not known. 

Roasters, capons, and fowls may be fattened for market on diets 
containing considerably less protein (a level of about 14 to 15 percent) 
than is required for growth. The quantities of vitamins may also be 
reduced by half. Finishing diets may advantageously contain more 
fat, however—6 to 10 percent—some of which may be supplied by 
adding vegetable oil. 

PRACTICAL FEEDING OF POULTRY 

Two general rules in ixndtry feeding are that the feed should be 
palatable so that a large amount may be consumed, and that it should 
not be too linely ground. 

The chief sources of energy are the cereal grains and the grain sor¬ 
ghums. In general the cereal grains are pjactically interchangeable 
except that corn is a better source of vitamin A than the others. 

As protein supplements, feeds may be rated iji the following order; 
(1) Dried skim mdk, dried buttermilk, and fish meal (best grades); (2) 
meat scrap, poorer grades of fish meal, hemj)seed meal, soybean meal; 
(2 or 3) peanut meal; (3) cottonseed meal; (4) linseed ineal, coni- 
gluten meal, ground soybeans. It is good practice to use animal prod¬ 
ucts for 20 to 40 percent of the protein supply. 

Sources of minerals arc, for calcium, high-calcium limestone (prefer- 
al)ly 39-percent calcium) or oyslershells; for sodium and chlorine, 
common salt; for manganese, anhydrous manganous sulfate or man¬ 
ganous sulfate tetrahydrate; and ground bonemeal for phosphorus, 
when the diet contains little or no animal-protein supplements. 

Sources of vitamin A are cod-liver oil, other fish-liver oils, pod-liver 
oil concentrates, sardine oil. Loss of vitamin A in fish-liver oils added 
to feed mixtures is fairly rapid so that mixtures should be made at short 
intervals. Alfalfa-leaf meal and fresh green grass are excellent sources 
of carotene, and other important sources are corn-gluten meal made 
from yellow corn, garden peas, yellow com, field peas, wheat-germ 

meal, and cowpeas. t i . 

There is little likelihood that any typical poultry diet will be deficient 
in vitamin B,. Sources of vitamin D, which should always be added to 
the diet of laying stock kept in confinement, are cod-liver oil, sardine 
oil, and other suitable fish oils. The best practical sources of vitamm 
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Vi are alfalfa-leaf meal, driefl skim milk, dried buttermilk, dried whey; 
other rich sources are liver, glandular tissues, and yeast. Vitamin K 
is found in various materials, including hempseed meal, tomatoes, kale, 
anti dried alfalfa. An “anti-gizzard-erosion factor” has been fotmtl in 
wheat bran, alfalfa products, kale, wheat middlings, oats, and certain 
pork products. A “chick antidermatosis factor” is present in grains, 
peanut meal, dried whey, dried buttermilk, alfalfa meal, and other 
feeding materials. 

Grit is not absolutely necessary for chickens, but it shotild prefer¬ 
ably be supplied. A constant supply of fresh clean water should be 
available at all times. Tonics, conditioners, “egg-makers,” and so- 
called complete mineral mixtures are a waste of money. , 

Dietary deficieiicies lead to jiumerous ills, some of which are difficult 
to pin down to a definite factor under practical coiulitions. Feather¬ 
picking and cannibalism are perhaps partly due to dietary deficiencies 
not yet understood; they are less likely to occur if the diet contains 
barley or oats. Kgg eating is stimulateil by a deficiency of calcium or 
vitaniiin D. Nutritional roup (not the same disease as contagious 
catarrhal roup) is caused by a deficiency of vitamin A. Rickets fol¬ 
lows a deficiency of vitamin D, calcium, or phosphorus, or a marked 
unbalance of caicium and phosphorus. A deficiency of vitamin G re¬ 
tards growth, decreases the hatchability of eggs, and produces “curled 
toe” paralysis in growing chicks. Lack of the anti-gizzard-erosion 
factor resuits in a condition of the gizzard that can only be diagnosed by 
dissecting the bird. Lack of the chick antidermatosis factor results 
in sores and incrustations arounil eyes, mouth, and toes. A deficiency 
of manganese produces hock disease or slipped tendon. 

Nearly every poultryman has his own system of feeding, but in gen¬ 
eral they are of four types; (1) All-mash, (2) mash-grain, (3) pellet, 
(4) grain-milk. The important point is not the system but supplying 
all the necessary nutrients in adequate quantities and economically. 

In the all-mash system, all or most of the feedstuffs are ground, 
mixed together, and fed dry or as a wet mash. This system is probably 
the best for the inexperienced poultryman. It is also best for all chick¬ 
ens up to the age of 4-6 weeks. It enables the producer to control the 
color of the egg yolks and to keep the color uniform; and apparently it 
results in more uniform hatchability. 

The mash-grain system, in which both mash and grain are fed, is 
more flexible than the all-mash system, but it is best used by a skilled 
poultryman. 

The pellet system simply involves the use of an all-mash diet pre¬ 
pared in the form of pellets. The chief advantage claimed for the 
pellets is that they prevent the birds from discarding certain ingre¬ 
dients in the ration. 

In the grain-milk system, the birds are usually given nothing but 
grain and all the milk or buttermilk they will drink. No water 
is supplied. This system is not recommended except where there 
is plenty of good range and where milk is practically a waste 
product. 

Formulas for all-mash starting and growing diets, all-mash diets 
for laying and breeding stock, starting and growing mashes with which 
grain is to be fed, laying mashes to be fed with grain, and feed mixtures 
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for turkeys are given in the article on Practical Feeding of f^oultry 
and cannot be repeated in this brief sunmiary. Substitutions can be 
made for some of the ingredients in these formulas where it is eco¬ 
nomical to do so an important point, since the cost of feed is 50 to 
60 percent of the cost of producing poultry meat and eggs. 

In any formula, only tlie best feedstuffs should be used. Abrupt 
changes in the diet are to be avoided, especially for laying stock. 
Only a little more feed than the birds will eat should be supplied each 
day. vSufficient hopper s])ace should be provided to prevent crowding. 
Grain should not be fed in the litter—a common practice^but in the 
hopper. Houses should be well lighted to insure good feed consump¬ 
tion, and in winter artificial lighting may be used to lengthen the 
feeding day to about 14 hours. 

NUTRITIONAL REQUIREMENTS OF DOGS 

There is a difference of opinion among veterinarians and breeders 
concerning the constitution of a proper diet for the dog. Most of 
them agree that meat is the basis of all successful diets. Some say 
the dog cannot digest vegetable foods or starchy foods of any kinds. 
Others would allow a limited amount of carbohydrate. On the other 
hand, racing greyhounds in England are fed relatively large amounts 
of cooked vegetables with excellent results, and in nutrition labora¬ 
tories dogs have been satisfactorily fed on diets without any meat. 

The digestive organs of the dog are undoubtedly adapted to use 
concentrated and quickly digested foods such as meat. In animals 
that live on plant foods, the large intestine makes up a considerable 
projiortion of the whole digestive tract. In dogs the large intestine 
is a very small part of tin* digestive tract and is not adapted for 
handling foods which leave a bulky residue after digestion. It has 
been proved that dogs can digest starch used in amounts suHicient to 
meet all their energy ie<iuirements, but it seems that they cannot 
v(‘ry well break down the walls of the cells that contain the starch in 
plaiits. The starch should first be liberated by some such means as 
cooking or grinding. There is a good deal of individual difference, 
however, in the ability of <logs to hamlle plant fd^er. 

With a high percentage of foods rich in starch, it is more difh(*ult to 
balance the diet with respect to other factors. For examide, a large 
proportion of cereal interferes with the proper use of calcium in bone 
building. That can be corrected, however, by using sufficient fat 
probably not less than 11 percent in a high-cereal diet. The advan¬ 
tage of carbohydrates is that they are a cheap source of eneigy; and 
some carbohydrate is necessary if the body is to utilize fat in tlie diet. 
Vegetables, of course, are vaiuable as sources of necessary minerals 
and vitamins. 

The proteins in animal [iroducts are of greater biological value than 
those in vegetable products because in general they arc more complete 
in the amino acids needed by the body for building and replacement 
of tissues. Milk and eggs rank first in this respect; then liver and 
kidney; then muscle meat. Animal proteins can be used to round 
out the amiuo acids in vegetable proteins. It is apparently possible 
to use cereals exclusively as a source of protein, but this requires 
considerable care and knowledge. When vegetable proteins are used 
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too exclusively, moreover, the diet is likely to be deficient in the B 
vitamins. 

As for the proportion of protein in the diet young dogs require 
considerably more })er pound of body weight than mature dogs. 
Pregnant and lactating bitches require more also. It has been esti¬ 
mated that the most favorable proportion of protein for all dogs lies 
between 25 and 50 percent of the total dry weight of the ration. 
Another suggestion for an average diet includes 22 jiereent of ])rotein, 
5 of fat, 70 of carbohydrate, 0.5 of fiber, and 2.5 pereent of minerals. 

Small mature dogs re<pure more eneigy per pound of weight than 
largo mature dogs, and puppies require two or three times as much 
per pound as mature dogs. The energy requirement goes up with the 
activity of the animal. As a sample: A 44-pound dog may require 
1,205 calories a day for maintenance alone. If he is moderately 
active, he will require about a third more than this; if he is very active, 
about two-thirds more. It is generally believed that a dog’s appe¬ 
tite is not a safe guide to his needs, but one ex])erimeter reports that 
dogs will voluntarily adjust their food to their energy needs if all 
dietary essentials are offered in sufficient quantities and there are no 
pronounced mental influences operating. 

Eleven minerals are considered to be essential in the dog’s diet, 
and minimum requirements for each of them have been suggested. 
Calcium and phosphorus are the only ones that are likely to need 
special attention, especially during the growth jreriod. A ration con¬ 
sisting of a large pmportion of inuscle meat alone or muscle meat and 
cereal is apt to be deficient in calcium, but the deficiency can be 
corrected with milk, bonemeal, ground bone, or calcium phosphate. 

Like other animals, dogs have characteristic nutritional diseases 
when vitamins are deficient. Quantitative requirements have been 
estimated for vitamins A, Bi, T), and 0, and nicotinic acid. It is 
believed that the dog normally makes vitamin C in its own body. 

FEEDING DOGS 

Animal products should ordinarily maki' up about half the ration 
of a mature dog (except when pregnant or lactating), vegetables 
about a fourth, and cereal products about a fourth. 

Meats may be fed raw or cooked (but never fried), and glandular 
organs as well as muscle tissue should be used at least occasionally. 
Beef is preferred by most dog owners, but mutton, lamb, aixl horse- 
meat (if available) are also used. Pork is not usually relished by 
dogs, and jioultry should not be fed because of the danger from easilv 
splintered bones. Canned fish, or cooked fish with all bones removed, 
is a good protein feed. So are milk and eggs. Puppies may start on 
a teaspoonful of ground or minced meat when aboTit 3 weeks of age, 
the amount being increased to I or 2 tablespoonfuls at weaning time 
(6 weeks) for me(lium-sized breeds. 

Vegetables supply bulk and furni.sh vitamins and minerals. Car¬ 
rots, tomatoes, spinach, onions, and beets are quite extensively used; 
cabbage, turnips, string beans, and certain other green vegetables 
less commonly; and potatoes, fresh corn, shelled beans, and peas are 
considered undesirable by many owners. Some dogs will avoid 
vegetables unless they are thoroughly mixed with other foods. 
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Cereal grains commonly used for dogs arc corn, as (;orn bread; rice, 
boiled- -brown or impolisbed rice is preferable; oats, as cooked oat¬ 
meal; wheat, as bread or cereal; and barley, cooked (not very palat¬ 
able). Dog biscuits, dry, moistened, or mixed with other foods, may 
be used as the cereal part of the ration. Usually these contain various 
other products—for example, ground bone, dned milk, legume meal, 
cod-liver oil, meat or meat byproducts, fish meal, molasses, yeast, 
salt. Dog meals contain much the same materials as dog biscuits. 
'Phe typical composition of many of these products is two-thirds 
cereal produc.ts and the other third meat, dry skim milk, or other 
jirotein supplements. 

Bones are a good source of calcium and phosphorus, and they are 
valuable for teething puppies, but they have disadvantages when fed 
to mature dogs to any great extent. Easily splintered and sharp 
bones or those that will lo(lge in the mouth or throat must never be used. 

Canned dog foods generally consist of cooked meat or meat by- 
])roducts, fish or fish meal, cereals, vegetables, ground bone and other 
mineral matter, and various accessory substances such as yeast, cod- 
Iiv<u- oil, and charcoal. Usually they contain 65 to 75 percent of water. 
They are convenient and widely used, but they may be uneconomical 
in comparison with home-prepared feeds, and it is well to do some 
ex])erimenting, in any givcui case, tn see whether they give the dog ade¬ 
quate nourishment. The label usually includes a statement of ingredi¬ 
ents, but this cannot always be interpreted by the average dog owner. 

Water, in clean vessels, should be available to dogs in most instances. 
Some salt should be mixed with the feed. 

Pregnant bitches should have gradually increasing amounts of feed 
as pregnancy advances, and animal products iTiay then make up 65 
to 75 percent of the ration. Other special feeding practices should be 
followed at this time, as well as immediately after whelping. During 
lactation, the ration must be ample to cover the requirements for milk; 
in many cases, twice as much feed must bo used as for a nonpregnant, 
nonlactating bitch. 

Cows’ milk is the best food for puppies j)reparatory to weaning. 
It may be started at about 8 weeks of age. Puppies should also 
become accustomed to other foods at an early age. Immediately after 
weaning they will have to be fed five or sLx times a day, gradually 
tapering off to two meals a day at 1 year of age. Growing puppies 
shouhl have proportionately more animal products than mature (logs. 
It may be advisable to include a small amount of cod-liver oil in the 
ration, particularly during winter months. 

The quantity of feed recpiired by a dog depends on several factors, 
chiefly age, size, and amount of exercise. The young, growing dog 
needs considerably more feed per pound of body weight than the 
mature animal. Approximate daily quantities of fe.ed (moisture 
inclufled) for mature dogs of different weights getting moderate 
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These allowances can probably be reduced 25 to 35 percent for very 
inactive dogs and increased 25 percent or more for dogs that are very 
active. 

Some other practical points about feeding: 

A dog should be fed as Avell as other farm animals and not used as 
an extra garbage pail. 

Overfeeding is more common than underfeeding. Both should be 
avoided. Most dogs will overeat if given the opportunity. 

Puppies should usually be kept a trifle liungry by feeding a little 
at a time, but often. They shoidd be kept growing steadily and 
uniformly. 

Uniform body weight and a lean, thrifty condition are good guides 
in the feeding of the ma ture dog. 

The crude-fiber content of the ration should be kept low—usually 
less than 2 percent. 

It is good practice to feed twice a day- one meal heavy, the other 
light. Feeding should be at regidar intervals, and not immediately 
before or after exercise. 

If a dog that is adequately fed loses weight, ijitestinal parasites may 
be suspected. 

In general, sick and convalesceni dogs need easily digested, readily 
assimilable feed. 


NUTRITION OF FUR ANIMALS 

Fo.xes generally mate early in F<*brnary. 'Phe pups are born in late 
March or early .4pril and the animals are usually pelted the following 
November or December at about the age of 9 months. Animal products 
form the basis of the ration of fo.xes, which in the wild are caniivorous 
but eat some fruits an<l other plant products. Horse meat, including 
internal organa, often ground and frozen in slabs, is iised by many 
ranchers. Beef meal (desiccated beef) is |)erhaps the most generally 
satisfactory substitute for raw meat. The foxes arc fed differently in 
the summer-fall and the winter-s])ring seasons. With lower j)rices 
for silver fox skins and increasing competition, there is a strong motive 
for research that will lead to more economical feeding practices. Some 
nutritional research has been done by four States (Oregon, Michigan, 
Wisconsin. New York) and by the United States Fur Animal Experi¬ 
ment Station at Saratoga Springs, N. Y. 

The rations given below' are l econunended as a result of considerable 
experimental work at this station, the principal object being to find 
satisfactory cheaper substitutes for fresh meat. 

A recommended ration for mature animals during summer and fall 
consists (in percentage) of beef meal, 4.8; soybean meal (hydraulic 
pressure), 4.8; liver meal, 2.4; ground fresh carrots and tomatoes, 5; 
ground green bone, 5; dry mixture, 25; water, 53. The dry mixture 
consists (in percentage) of bread meal, 30; oatmeal, 30; alfalfa-leaf 
meal, 10; wheat-germ meal, 10; fish meal (vacuum-dried), 20. Each 
animal is given a restricted feeding of about 0.8 pound of this ration 
daily, increasing to 0.9 pound in cooler weather. 

During the reproductive season (winter-spring) a recommended 
ration for breeding animals consists (in percentage) of raw meat 
(muscle 7 parts, glandular 3 parts), 40; ground green bone, 5; ground 
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fresh vegetables, 10; cod-liver oil (fortified), 0.3; dry mixture, 25; 
water, 19.7. The dry mixture consists (in percentage) of bread meal 
(whole wheat), 16; oatmeal, 16; wheat-germ meal, 16; fish meal, 16; 
alfalfa-leaf meal, 8; dried skim milk, 8; soybean meal, 8: linseed meal 
(old process), 4; wheat bran, 4; brewers’ yeast (inactive), 4. The 
animals should be fed what they will readily clean up in a short period, 
and the female should receive an increased amount beginning about the 
fourth day after whelping. Males may be taken off this ration and 
put on the summer-fall ration at the end of the breeding: season. 

Pups are fed with the mother during the suckling penod, receiving 
the same ration. If weaned at 7 to 8 weeks of age, they should con¬ 
tinue to get this ration until the age of 2X to 3 months, when the raw 
moat can be replaced with a mixture of 4 parts of beef meal to 1 part of 
liver meal, this mixture making up 12 percent of the ration. Addi¬ 
tional water must of course be used. About September 1 the pups can 
be put on the summer-fall ration of mature animals. 

According to the average chemical analyses of various ingredients, 
summer rations used at the fur animal experiment station contain, on 
a dry-matter basis, approximately 42 percent of protein (about two- 
thirds from animal and fish sources), 6.4 of fat, 37 of carbohydrate, 
and 9.7 of minerals. No published data of digestion trials on foxes 
are available to show how much of the mitrients are titilized. 

Analyses have been made of the livers of foxes for vitamin A content. 
These show that the livers of wild foxes contain on the average about 
twice as much fat and about 100 to 200 times as much vitamin A as 
those of foxes raised in captivity. Gallstones (urinary calculi) are 
considere<l by some to be due to lack of vitamin A. Apparently there 
is no correlation between the amount of vitamin A in the liver at the 
lower levels found in the silver fox and quality of pelt. Green of 
Minnesota attributes the disease known as chastek paralysis in foxes 
to a deficiency of vitamin B,, and believes it is caused bv substituting 
fish in the ration for other foods that contain vitamin Bi. 

Minks apparently need more raw meat than foxes; it should make up 
about 50 percent of the ration in summer and fall and about 70 
percent during the breeding and lactation periods. The meat may 
consist of muscle meat 2 parts, viscera 1 part, from horse, cow, or 
sheep. Fresh chicken heads, rabbit heads, or rabbit carcasses may be 
used; whole fresh ground fish or canned fish may be substituted for 
one-third of the raw meat. On the basis of limited experimental work 
at the fur animal experiment station, a satisfactory ration during the 
breeding season may consist (in percentage) of fresh meat, 70; dry 
mixture (as given for foxes during the reproductive season), 10 to 15; 
ground g:reen bone, 5; ground fresh vegetables, 5; salt, 0.5; cod-liver 
oil (fortified), 0.3; water or fresh milk, 4.2 to 9.2. During summer 
and fall the ration may consist (in percentage) of fresh meat, 50; dry 
mi'^ture (as given for the summer-fall ration of foxes), 25; ground 
green bone, 5; ground fresh vegetables, 5; salt, 0.5; cod-Uver oil, 0.3; 
water or fresh milk, 14.2. The animals should be fed 4 to 5 ounces of 
the ration once a day (not enough to make them fat), except that nurs¬ 
ing mothers should be fed twic^ a day. 

As in the case of foxes, lack of vitamin A has been suggested as the 
cause of gallstones, which have brought considerable losses in some 
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colonies of mink. A study of the vitamin A content 
that wild mink averaged about 16 times as much as those raised in 
captivity. Digestion trials have been run on mink at L-ornell Uni¬ 
versity. In general, these show that mink are not able to digest car¬ 
bohydrates nearly so well as proteins and fats, and that starch in 
grains is made more digestible by cooking. , u x , 

• Rabbits are raised in this country primarily for meat, but furs are 
sold to the hatters’ trade, with a small percentage going to the fur 
trade. As a result of work at the United, States Rabbit Experiment 
Station, Fontana, Calif., the following recommendations for feeding 
are made: Does suckling young should be fed from a self-feeder with 
several compartments, which should contain at least two whole grains 
(oats, wheat, barley, sorghum) and a protein supplement (soybean 
meal, peanut meal, or linseed meal) in the form of pea-sized cakes or 
pellets three-sixteenths of an inch in diameter and one-eighth of an 
inch long; or they may be hand-fed with a mixture of 2 parts whole 
grains to 1 part protein supplement. Clean, bright, leafy legume hay 
(alfalfa, clover, lespedeza, or pea-vine) cut into 3- to 4-inch lengths 
should be available in a manger at all times. A small quantity of 
succulent green feed or roots should be supplied daily. White block 
salt and fresh water should always be available. 

After the litter is weaned the doe should be fed once daily as much 
small grain (2 parts) and protein supplement (1 part) as she will 
clean up in 20 to 30 minutes, plus the other feeds given above. Herd 
bucks and young does and bucks may be fed the same ration. 

FEEDING REQUIREMENTS OF GALLINACEOUS UPLAND GAME BIRDS 


During the past .50 years or more in the United States, many game 
birds have been forced almost to extmetion. Today there is an 
awakened public interest in preserving them, and a good many people, 
among whom are farmers and 4 H club members, now make a busi¬ 
ness of raising game birds in captivity. Those most commonly bred, 
according to a recent survey, are the ring-necked or Chinese pheasant, 
bobwhite quail, California and valley quail, and chukar partridge. 
Other important upland species on which some work has been done in 
captivity include the ruffed grouse, sharp-tailed grouse, prairie 
chicken, sago hen, mountain quail, Gambel’s quail, scaled quail, 
Hungarian partridge, and wild turkey. More and more scientific 
attention is ^ing given to the feeding and management of these birds. 

Investigations by the Bureau of Biological Survey give a good 
picture of the food habits of game birds in the wild. Difl’erent species 
have somewhat different habits, of course, but in general seven kinds 
of food are consumed—weed seeds, in large quantities; insects, 
especially grasshoppers and their relatives; seeds ot cultivated plants; 
mast, or tree seeds; browse, or leaves of plants, including woodland 
trees; berries and small fruit; and minerals, including pebbles. The 
quantities and kinds of different foods in bird crops from various areas 
and at different seasons have been carefully recorded. 

Farmers can do much to build up the game-bird population, and 
help to prevent erosion at the same time, by providing shelters of 
natural vegetation in waste areas. It is highly advisable to provide 
food during the winter, since a food shortage lasting a week will starve 
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many bbds, and one lasting!: 2 weeks may kill off most of the game-bird 
population. Food patches may be planted to grain, especially corn; 
rough shelters or feeding stations can be set up near good protective 
cover; and in an emergency, feed can be scattered wherever the birds 
will find it. 

In the wild state, birds are able to get a properly balanced diet for 
themselves. In captivity a balanced diet must be provided with 
even greater care than would be used in feeding chickens. Cereal 
grains and protein concentrates can both be used thougli only a little 
experimental work has been done to show how’ various grains and 
concentrates meet the requirements of game birds. As with chickens, 
the ration must furnish adecpiate quantities of vitamins A, Bi, I), 
and G, as well as of common salt, calcium, phosphorus, manganese, 
possibly some other minerals, grit, and water. There has been some 
experimental work on the requirements for most of the important 
nutritive elements, but as yet ver\' little information is available. 

Two notable changes have been made in the management of game 
birds in captivity. The tendency now is to keep them on wire cloth 
in runs rather than on the grotmd, to prevent the spread of disease; 
and the chicks are no longer fed on a custard-clabber diet, which is 
difTicult to prepare and at the same time a source of parasitic infesta¬ 
tion, but on feeds like those used for domestic fowl. 

PASTURE AND RANGE IN LIVESTOCK FEEDING 

Some 60 percent of the total land area of the United States is grazed 
at least part of the year as pasture and range. Pastures probably 
provide about one-third of the nutrients used by dairy cattle at 
perhaps one-seventh of the total feed cost,, as w^ell as half the feed of 
beef cattle at one-third the total feed cost, ami half the feed of sheep 
in pasture regions; while livestock on the range get much more than 
half their feed from range plants. In one study in New York the cost 
of milk production on pasture was 9.7 cents per cow per day and on 
winter feed 38 cents per cow per day. There is no more land to be 
taken up free for pasture. The problem now is to save and improve 
what we have. Research shows that better grasses can be provided 
and the nutritive value of pasture plants can be increased. 

Pastures are classed as permanent, temporary, and supplemental. 
Longer grazing can usually be provided by a combination of all three 
than by permanent pasture alone. On the range, somewhat the 
same objective is accomplished by moving livestock to different 
ranges kept for different seasons. 

Grazing is usually seasonal except in certain areas, where it may be 
yearlong. Premature grazing and overgrazing are both injurious, 
partly because they use up the sugars from which plants must get the 
ener^ for growtli. In the early spring, plants get the energ>' for 
growth from sugars stored in the roots; later on they get it from sugars 
manufactured from day to day. On the other hand, under some 
conditions undei^razing permits the grass to mature too soon and 
become less valuable as feed. Much would be saved if grass could be 
clipped and ensiled under these conditions. 

Pasturage is of great importance as a source of proteins, minerals, 
and vitamins. Immature plants are more tender, more completely 
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digestible, more palatable, and richer in protein, calcium, phosphorus, 
and vitamins than the same plants later in the season. Low rainfall 
and high temperatures adversely affect the nutritive value of grasses 
except the species adapted to these conditions, as in the West and 
South. 

In managing pastures, it is desirable to have a mixture of grasses 
and legumes, and of several grasses rather than one grass. Legumes 
in themselves add to the protein in the feed, and their presence also 
increases the growth and the protein content of the grasses. The 
grasses that are most palatable to animals should be used wherever 
possible. Fertilizers should be \ised not only to correct soil defi¬ 
ciencies but to suit the particular needs of different plants; grasses, 
for example, respond to nitrogen better than legumes, and legumes 
are more responsive to phosphorus and potash. It should be re¬ 
membered that fertilizhig pastures is a long-time investinent, which 
helps to liquidate the high initial cost. The time and intensity of 
grazing depend largely on tlio kinds of plants used. 

Supplemental feeding of animals on pasture is frequently necessary 
or advisable, especially after the first flush period when the forage 
has its maximum nitritive value, or, in the West, on winter range. 

Range problems are different from pasture |)roblems, partly be¬ 
cause it is not possible to exercise the same control through planting 
and the use of fertilizers. The range ferritory produces 75 perccTit 
of the total United States production of wool and mohair, 55 percent 
in live weight of the sheep and lambs, and nearly ,3.3 percent of the 
cattle and calves, ^'he area shows a bewildering complex of Federal, 
State, county, and individual ownership, which complicates the prob¬ 
lem of use and management. Herds are often driven 50 to 150 miles 
between summer and winter ranges, and sometimes as much as 300 
miles. 

Little reseeding has been attempted anywhere on the range. Out 
of a total of at least 10,000 species of plants growing on the range, 
probably only 1,000 are of major significance. In general, the plants 
fall into 10 broad types, according to differences in soil, temperature, 
and rainfall. The tail-grass type (including slender wheatgrass, 
bluestem, porcupine grass) has the greatest carrying capacity- -2.4 
acres per head of cattle or 5 sheep; the salt-desert shrub type (includ¬ 
ing black sagebrush, shadscale, winterfat), the lowest capacity- -17.8 
acres per head of cattle or 5 sheep. The older natural balance of 
plants in the raiige area has been disturbed by man’s use, atnl the 
principal perennial grasses, which were the moat nutritious and 
palatable, have given way in most places to less useful species. 

Many range plants—for example, some of the wheatgrasses, salt- 
bushes, and native clovers—compare favorably with alfalfa in chemi¬ 
cal composition, and some have an even higher proportion of minerals 
or protein. There are many variations due to environment, how¬ 
ever. In general, the plants at the higher altitudes have more crude 
protein and less fiber. It has been found that the sulfur, protein, 
and fat content of the plants vary directly with their phosphorus 
content. Research in the composition of range forage plants is com¬ 
paratively new. 

Good management is vital on the range if its productivity is to be 



FOOD AND LIFE — A SUMMARY 


89 


maintaiTied. The plants are fitted to ^ow well with little water - 
some range grasses require only 400 pounds of water to produce 1 
pound of dry matter, whereas alfalfa may require 800 pounds—but 
they sometimes need twice as much water when the soil is (Icpleteil 
by erosion. Because of wide fluctuations in production from year 
to year, stocking should normally be 20 percent below the capacity 
in average years. The returns in increased calf crops, greater weight, 
and reduced losses in drought ycais from conservative stocking as 
compared with overgrazing have been proved again and again. 

In the South, livestock production might be considerably increased 
through better grazing methods in the forest ranges. 

Research on the effects of soil and fertilizers on pasture plants is 
only at its beginning, but some interesting and promising results 
have been obtained. Some exanq)les: It is becoming clear that 
different plants have the ability tn select and utilize different nutrients 
from the soil. Nitrogen appliefl to Kentiicky bluegrass increased tlie 
crude protein c-onteut 12.34 percent in one experiment; sulfate of 
ammonia increased it 4.44 times iti another experiment. Adding 
phosphorus increased the plujsphorus content of Kentucky bluegrass 
25.64 percent and the calcium content 16.67 percent in one experi¬ 
ment. (The effect of adding phosphates varies with different soils, 
however.) On certain soils in the West, applications of sidfur arc 
necessary to satisfactory yields of alfalfa, and this increases the 
nitrogen as well as the sulfur content of the plants. Instances have been 
reported in which light applications of boron have benefited alfalfa. 

Such studies point toward the possibilitj' of bettor control of both 
plarjt and animal nutrition in the future through soil management. 

THE NUTRITIVE VALUE OF HARVESTED FORAGES 

Ifay is the most important harvested forage and can be made at 
comparatively small expense. Crops unsuitable for hav tnay be made 
into silage, and almost any forage crop can be ensiled in weather 
unsuitable for haymaking. Between 1928 and 1937, the hay crop 
had an annual value greater than that of cotton or wheat or any 
crop except corn. 

Any crop loses nutritive value after harvesting. The objective is to 
harvest and store it in such a way as to maintain the greatest nutritive 
value possible and reduce losses to a minimum. Three points of 
importance are: 

(1) Stage of growth. Plants have the highest nutritive value when 
they are young (protein in alfalfa at the prebloom stage is 21.98 
percent; at the seed stage, 14.06; minerals are 11.24 and 7.33 percent, 
respectively). But the yield from young plants is low' and the labor 
cost of harvesting them freciuently is high. Therefore forage plants 
are usually harvested at an intermediate stage—grasses, clover, ami 
alfalfa, between early bloom and full bloom (or before bloom for a 
very high quality hay); cereal grains for hay, in the soft dough stage; 
soybeans, when beans are about half grown; cowpeas, when first pods 
are mature. Maximum leafiness is also highly important, as the 
leaves contain much more carotene, protein, and minerals, and much 
less crude fiber, than the stems. Early-cut hays have a high per¬ 
centage of leaves. 
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(2) Species of plant. Legumes are characterized by a high content 
of protein and minerals. Alfalfa is the most valnablo and most 
popular. Red clover, soybeans, cowpeas, alsike clover, and lespedeza 
all make good legume hays. Mammoth red clover, erimson clover, 
sweetclover, and peanut vines are less important. Timothy is the 
most important of the grasses. Prairie grass (in the West), small 
grains, and sorgos are popular in different regions. Certain sedges 
and rushes, Johnson grass, red top, bromegrass, quackgrass, Bermuda 
grass, orchard grass, Kentucky bluegrass, crested wheatgrass, and 
crahgrass make acceptable hay if properly handled. Mixtures of 
legumes and grasses are commonly used ami are very desirable. 

(3) Quick, thorough drying. 1 n 30 hours, even in good hay weather, 
eut alfalfa in the field may lose 60 to 66 percent of its carotene. Even 
artificial drying usually fails to save all of the carotene in the fresh 
green crop. Much of the loss can be prevented by complete exclusion 
of air or by destroying an enzyme responsible for the destruction of 
the carotene. Under practical conditions, however, the only way to 
reduce the loss to a minimum is by rajnd drying. Carotene is closely 
associated with the green color of the plant. Partly cured hay that 
has been rained on loses green color rapidly. 

If possible, hay should be cut in the morning after the dew is off 
and stored the same day. At any rate, it should not ho allowed to 
lie in the swath overnight if it is dry enough to finish curing in the 
windrow. Legumes should be raked into the windrow before the 
leaves are dry enough to shatter. The side-delivery rake gives a 
more loosely packed windrow than the dump rake. The hay may be 
cocked if there is a prospect of much rainy weather before storing. 
When stored, it should be dry enough so it will undergo only a normal 
sweat. Stored hay with more moisture than this will lose color 
markedly; if it becomes brown, all the carotene is lost; if it becomes 
black, there is an additional heavy loss of other nutrients. Tight 
packing and poor ventilation as well as high moisture content help 
to bring about loss of color in hay. With equal moisture content 
chopped hay becomes hotter in the mow, dries less rapidly, and loses 
more color than unchopjied hay. 

The nutrients in hay are better preserved by artificial drying than 
by any other method, and the losses due to weather and leaf shatter¬ 
ing are reduced to a minimum. The cost of buying and operating 
the drying equipment, however, is more than the average individual 
fanner can afford. Hay well wilted in the field can hardly be arti¬ 
ficially dried for less than $5 per ton of dry material, and the cost is 
likely to run much higher. The method is used mainly by commercial 
concerns making alfalfa meal, alfalfa-leaf meal, and alfalfa-stem meal. 
The first two arc used principally in feeds for poultry, hogs, and dairy 
cattle, and the last as a carrier for molasses feeds for'horses and mules. 
Alfalfa meal is made by grinding whole alfalfa hay. The leaf portion 
is sifted out after grinding to make leaf meal, leaving the stem portion 
for the byproduct, stem meal. 

Silage is moist feed preserved in the absence of air. It is made 
mostly out of corn and soigos, but small grains, oats, and peas, and 
sunflowers are used to some extent; and in recent years grasses and 
legumes have been ensiled to an increasing extent. “Succulent” 
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feeds like silage arc not necessary for livestock, as they were once 
thought to be, but silage is often economical in the feeding program, 
ft is better adapted for ruminants, especially cattle, than for other 
livestock. 

When crops are put into the silo, they continue to breathe, use up 
the oxygen, replace it with carbon dioxide. The temperature rises 
and bacteria nudtiply rapidly (in corn silage they reach a billion per 
cubic centimeter of juice in a few days), consuming mostly carbohy¬ 
drates and producing lactic acid. With this increase in the acidity .the 
lactic acid bacteria diminish in numbers and acetic acid bacteria, 
which thrive at higher acidities, replace them. In silage made of 
grasses and other crops low in carbohydrates and high in calcium, 
acidity does not increase to such an extent; therefore acids or molasses 
are sometimes added for these crops. 

Two exploded theories about silage: 

(1) High acidity is not necessaiy for the preservation of silage to 
prevent molding or rotting, as is commonly assumed. What is neces¬ 
sary is quick exhaustion of air, and its exclusion thereafter; hence a 
tight silo is essential. But high acidity does prevent undesirable fer¬ 
mentations that create offensive odors, and it prevents j)rotein break¬ 
down and lessens loss of dry matter. However, adding hydrochloric 
and sulfuric acids, as in some foreign methods, has distinct disadvan¬ 
tages; principally, it seriously impairs palatability, and it must be 
neutralized, usually with finely ground limestone, before feeding. 
ljic|uid phosphoric acid in the amounts generally used does not appear 
to impair the palatabilitv. Molasses improves the odor and palata¬ 
bility of high-rnoisture silages made from grasses and legumes, but its 
value when used with other silages has perhaps been overemphasized. 

(2) It is not necessary" for silage to have a high content of water, as 
is commonly supposed. Low-moisture silage undergoes fermentation 
of a more desirable type, with lower losses of dry matter, better odor, 
and greater palatabilitv. Crops with any moisture content from 70 
percent down can be successfully ensiled if air can be properly ex¬ 
hausted and excluded. Iji pra('tice, the croj) should probably not be 
dried below a 50-percent moisture content. 

Any kind of silo will do if it excludes air and surface or seepage 
water- tower, pit, trench, or even a piece of snow fence rolled into a 
circle and lined with paper. Corn for silage should be harvested when 
more than half but not all of the kernels have hardened—or earlier if 
a high content of carotene is desired. Grasses and legumes should be 
ensiled at the stage of maturity best for hay. All silages should be 

finely chopped. MAKING HAY AND SILAGE 

Even with normal practice and under nonnal weather conditions the 
loss of dry matter in haymaking amounts to a tenth of the crop, or at 
least $75,000,000 a year. This is a consej^ative estimate, since the 
weather is often imfavorable in many sections. ^ Losses as the result 
of rain may amount at times in certain localities to half the crop. 
Losses from dried plants leached by rain may be as high as 67 percent 
of the minerals, 35 of the carbohydrates, and 18 of the pro tern. As 
much as 82 percent of the carotene may be lost during the first 24 
hours after hay is cut, and intermittent sunshine and rain while alfalfa 
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is in the swath may bring about an almost total loss of carotene. 

All this throws emphasis on the possibility of saving such losses 
through newer methods involving the use of artificial drying. An in¬ 
significant percentage of the crop is artificially dried at present, and 
the method is expensive, but its adaptability for certain sections of 
the country where conditions for field curing are not ideal deserves 
close study. 

Artificial driers are of four types. Tray driers dry the hay in 
batches, and it is hand-shaken from one tray to another halfway 
through drying. In belt driers the hay is put on a belt at one end 
and emerges (hy at the other without handling. In rotary driers, it 
is dried in a revolving drum. In pneumatic driers it is carried along 
in a d^ing current. 

Artificial drying can be done in any weather. There is no loss from 
leaching and there need be little or no loss from shattering of leaves. 
The total loss of nutrients shmdd not exceed 5 percent. It has been 
shown that artificially dried alfalfa may have 2 to 10 times as much 
carotene as normally field-cured alfalfa. 

Another new method that may have promise for certain sections of 
the country where grass grows well and there is a lack of concentrated 
feeds is the artificial drying of young grass, before the nodes are formed. 
Such young grass is extremely rich in protein, fat, minerals, and vita¬ 
mins. The protein content varies with the period between cuttings. 
If the grass is cut weekly the dried product may have a protein con¬ 
tent of about 21 percent; if it is cut every 5 weeks, 14 percent. The 
carotene is retained almost entirely provided the grass is not wilted 
before drying. 

Young grass may also be steamed in troughs to reduce the moisture 
content to less than 10 percent and then compressed with a hydraulic 

f iress into cakes until a ton of the grass would occupy a cubic space 
ess than 3K foot on each side. The original color of the grass is re¬ 
tained, and the cake has been found to contain as much as 23 percent 
of protein—-two and one-half times as much as ordinary hay. A yield 
of 3K tons of dried your^ grass to the acre is obtained when cuttings 
are made monthly, and it is claimed that young grass provides more 
protein per acre than almost any other crop. The experimental work 
with this method has been done in Ei^Iand, where conditions are 
unfavorable for haymaking but favorable for the growth of grass. 
Dried young grass may also be ensiled as well as pressed into cakes. 
The amount of com silage produced per acre in the United States 
varies from 4 to 20 tons. As much as 40 tons of sunflower silage may 
be produced per acre. A ton of silage can be made from the amount 
of com that would yield 5 to 5K bushels of shelled grain. A hundred 
pounds of the dry matter in corn silage contains about 40 pounds of 
total digestible nutrients. These figures give some idea of the eco¬ 
nomic value of ensiling as a means of conserving feedstuffs. 

Prevention of losses is important. With a consumption of 40,000,000 
tons of silage a year, a loss of 5 to 15 percent amounts to a great deal. 

Losses are perhaps smallest in silage made in a tower silo and highest 
in stack silage; in the latter, 30 percent of the dry matter is frequently 
lost on the top and sides. The loss of dry matter in good com silage 
in a tower silo is about 10 percent. 
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Atnoiig the various methods of making silage, the more important 
include: 

Tile A. I. V. patented method, originated in Finland. Twicc- 
norinal strength acid (hydrochloric and sulfuric) is added to the silage 
to increase the acidity of the green crop as quickly as possible and 
suppress bacterial fermentation and respiration. 

The molasses process (mostly used with legumes, grasses, and 
cereals). About to 5 gallons of molasses per ton, the amount 
depending on the kind of crop, is added to the silage, supposedly to 
increase the acidity. 

Whey method. Drj or concentrated whey, alone or inoculated 
with lactic acid bacteria, is added. 

Ucfu solution. This is a nio<lification of the A. I. V. method, using 
liydrocliloric acid plus a little phosphoric acid. 

Crema or Samarani process (developed in Italy). This consists in 
tightly compressing a partly wilted (low-moisture) crop in an airtight 
sik) to liinder bacterial growth and prevent heating. 

Among the conclusions that may be drawn from a considerable 
amount of experimental work with silage are these: Airis enemy No. 1. 
Undue losses may be prevented by the quick development of carbon 
dioxide', as when heavy pressure is used, or by the production of suffi¬ 
cient acid, as in the making of ordinary corn silage' under Ame'rie'an 
e'enielitiems. The use of silage maele by the addition of mineral acids 
eer cheunical sterilizers has i\ot yet been pre)v0d to be safe in le)i\g-tinie 
fceeling proceelures; anel the efesirability of these aciels as comj)areel 
with eu'ganic acids developeel by natural processes is questionable. The 
use^ e)f hiedic acid, which may be proeluced as a waste proeluct on the 
farm, is worth further study. Much of the data on silage making is 
inconclusive, and there is room for cooperative, systematic study of 
many important aspects of the silage problem. 

NUTRITIVE VALUE OF MISCELLANEOUS FEEDS 

A great many miscellaneous feeds are available for farm animals iti 
adtlition to pasture, the more important forage crops, and the more 
im[)ortant grains. These miscellaneous feeds include various by¬ 
products. It is important to remember that any change in tlie 
natural product results in a concentration or reduction in nutritive 
value and presents a new problem in balancing the ration. 

Seeds and their byproducts are frequently used as sources of pro¬ 
tein. Amorig the whole sec'ds used aside, from the more important 
graitis, such as corn, oats, rye, and barley—are soybeans (40 percent 
protein), cottonseed (20 percent), flaxseed (25 percent), peanuts (25 
percent). Nonleguminous seeds are low in calcium. 

Meal and cake made from seeds from which the oil has been ex¬ 
tracted contain a higher percentage of protein and minerals than the 
whole seeds. They are also high in total digestible nutrients. The 
most important are cottonseed meal and cake, corn-oil meal, soybean- 
oil meal and cake, peanut-oil meal. Coconut (copra) oil meal and 
cake arc used in some localities. Sesame seed, sunflower seed, rape- 
seed, hempseed, rubber seed, and palm nuts are also used to make 
meal or cake, but these are of little importance in this country at 
present. 
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Mixtures of meal and hulls, such as cottonseed feed and oat mill 
feed, are lower in protein and total digestible nutrients and higher in 
fiber than the straight meal. Hulls and some other byproducts are 
of still lower grade, but they are important as roughage m some areas, 
as are legume straws and pea-cannery waste. 

Milling byproducts of value for protein, total digestible nutrients, 
and sometimes minerals and vitamins include wheat bran, wheat 
middlings and shorts, wheat-germ meal, corn-germ meal, com-gluten 
meal, com-gluten feed, brewers’ rice (broken kernels of rice), rice 
bran, rice pohsh. Ijow-grade products include rice hulls (flinty—not 
a desirable feed); grain screenings; grain screenings waste, refuse, and 
scourings. , 

Brewery and distillery byproducts include brewers’ dried ^ains, 
distillers’ dried grains, malt sprouts, dried yeast (high in vitamin G). 

Cereal straws and hulls are high in fiber and low in nutrients, but 
some, such as oat straw and com stover, are considered of value in 
maintenance rations. 

Animal and fish byproducts are widely used as sources of protein 
and sometimes minerals and vitamins. Those that have not been 
subjected to high temperatures in processing are preferable. Packing¬ 
house byproducts include blood meal, digester tankage, meat-meal 
tankage, bonemeal (raw and steamed). Milk byproducts include 
dried skim milk, dried buttermilk, and dried whey. Fish byproducts 
include fish meal, fish-residue meal, crab meal, shrimp meal, whale 
meal. 

Roots and tubers--including beets, sugar beets, cassava, carrots, 
chufas, Jerusalem-artichokes, mangel-wiirzels, parsnips, potatoes, 
sweetpotatoes, rutabagas, turnips-^-are high in water content but 
have readily digestible energy nutrients. Yellow carrots and sweet- 
potatoes are good sources of carotene; beet and carrot tops are rich 
m vitamin G. Dried beet pulp, molasses beet pulp, beet molasses, 
and cane molasses are good sources of energy and are appetizing in 
feed mixtures. 

Supplementary feeds sometimes used as sources of calcium include 
limestone flour and wood ashes. Raw and steamed bonemeal, bone 
ash, spent bone black, and dicalcium phosphate contain phosphorus 
as well as calcium. Sources of iodine (to be used carefully and only 
when necessary) im’lude sodium iodide and potassium iodide. 
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FROM TRADITION TO SCIENCE 


by Louisa Stanley' 


WHEN all men got their food directly from nature, as hunters, fishers, 
or farmers, they could be more sure, in some ways, of getting a balanced 
diet than they can today. This article contrasts the old and the new 
relationship of men to the food supply, and shows how the modern scien<'e 
of nutrition is necessary to meet complex modern conditions. 


Nutrition Inis to do with the use living organisms make of food. 
All living things require food. Green plants take their food supply 
in simple inorganic forms from the soil and from the air and build 
it into more complex materials. They arc able to use the energy 
of the sun directly in building the sugars and starches and cellulose, 
so important in their structure and life functions, from water ami 
carbon dioxide. Excess energy is stored as sugar or starch or may 
bo changed into the more compaict form of potential energy— fat. 
This ability of the green plants to build simple inorganic material 
into complex, enei’gy-containing organic compounds is of basic im¬ 
portance to animal life also, for animals must rely upon the energy 
originally stored by plant life. 

Plants also absorb minerals along wdth the water from the soil— 
nitrates, phosphates, and sulfates—and from these and the carbo¬ 
hydrates build proteins in the many complex forms essential to the 
plant. These too are suitable in varying degrees for building the 
tissues of the animal or human body. Calcium, magnesium, iron, 
iodine, and various other minerals are built into plant tissues in forms 
available to animal life. Vitamins are a product of plant growth. 

All our foods, therefore, are directly or indirectly derived from 
plants and have their roots in the soil. The soil, through its influence 
on food composition, has played an important part in determining 
the development and the survival of animals and men. First the soil, 
then plants, then animals—so has life developed. It is in the study 
of nutrition that the interrelation of the three is shown most clearly. 

To appreciate the importance of nutrition to huma,n life, one needs 
to look back to get the proper perspective. Man is the combined 
product of inheritance and environment. Food is the environmental 
factor that most directly controls his physical development; and it 
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probably plays an important part in setting the pattern of nervous 
and emotional responses that make up the total personality. 

Marett { 7 ^ 5 ) “ makes a good case for the thesis that a natural 
selection of various food substances, based on economy, has playccl a 
very important part in guiding the evolutionary process. The pin- 
erals and vitamins in foods, through their effect on the composition 
of body tissues and fluids and on the development of the glands 
controlling internal secretions, profoundly influence the intcnial 
environment of the body cells and thereby affect growth, physical 
form, and emotional reactions. 

Primitive man was restricted to the food supply immediately at hand. 
This supply was determined in bothfiuality and quantity by the soil and 
climate. The kind of food available and its composition were important 
in determining survival and the differences in the physical development 
of men from different areas. Food supplies had geographic limitations. 
Some groups of men died out altogether, others changed form through 
generations as the result of natural diet restrictions. Thus through 
painful and costly experience, with much loss of life by the way, 
racial food habits and appetites were built up and came to be fair 
guides to the choice of food under simple conditions of living. 

Nomadic tribes enlarged the areas from which they obtained food. 
The soils in these areas varied, and certain tribes probably selected 
certain areas that proved more conducive to survival than others. 
But still food supplies were limited. With the development of agri¬ 
culture, food supplies were less accidental, but they still depended 
upon the soil and the weather. Within such limits, food habits were 
the result of racial experiences and were probably responsible for clear- 
cut racial physical differences. These deeply ingrained survival pat¬ 
terns are the basis for the so-called natural instincts sometimes re¬ 
ferred to as guiding food choice. 

As the result of experience, the relation between certaiti foods and 
certain physical conditions was known long before anyone knew the. 
real explanation. Burned sponges were used in the thirteenth cen¬ 
tury to treat gjoiter. It was not until 1819 that the chemist Dumas 
discovered iodine in this ash. Cod-liver oil was used to treat rickets 
centuries before vitamin D was discovered. Florentine pharmacists 
of the ijdddle ages were selling lemonade as a remedy for scurvy long 
before vitamin C and its significance were recognized. 

Strangely enough, groups with restricted natural diets seemed to 
acquire a special taste for foods we now know were specially needed 
in these diets. Hrdli6ka reports that among the Indians of the South¬ 
west, where meat is scarce, fat and marrow are much relished. Squir¬ 
rels, prairie dogs, and fat field mice are considered delicacies. Among 
the vegetables, chili and tomatoes are emphasized. 

The Mexicans, among whom milk is scarce, use an abundance of 
the vitamin A-rich pimiento. In Puerto Rico, annatto is used along 
with lard as a routine in cooking. This annatto has been shown to be a 
rich source of vitamin A, so likely to be lacking in the Puerto Rican diet. 

New knowledge of nutrition gained during the last three decades 
e^lains such food habits and some folklore. But more important, it 
gives a rational basis for food selection that, applied through planned 

t Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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production, education in food choice, and more satisfactory distri¬ 
bution, can be used to increase the length and improve the quality of 
human life. Fewer nattural foods and more processed and fabricated 
foods are iised today. There is a far greater variety of foods available. 
Tastes have changed. As a result, racial habits and appetites can no 
longer be depended on to guide the choice of food. 

Meanwhile, commercialization of food production and increased 
transportation of food from place to place and country to country have 
completely changed the problem of the food supply. Comparatively 
few families prodiico any of their own food except outside of the cities, 
very few indeed all the family’s food. Rarely is all the food for an 
individual or a family drawn from so restricted an area that soil 
deficiencies affect the total food supply, with the possible exception of 
a deficiency of iodine. Iodine is auded to the diet in areas where it is 
known to be lacking in the soil. But as food production has become 
more specialized and commercialized, economic factors have come to 
complicate food choice and in many cases limit the family food supply 
in ways that wore not formerly true. Furthermore, economic compe¬ 
tition in production and processing has a greater effect on food com¬ 
position than the soil has. 

Studies show that below certain income levels most diets are 
deficient. Calcium deficiency is just as serious in its effects when it is 
due to inability to purchase calcium-rich foods as when it is due to 
producing food on calcium-poor soils. Human nutrition is an economic 
and an educational as well as a scientific problem. , 

We now produce a great variety of foods of high quality. The 
pleasure associated with eating has become more refined. Flavor and 
keeping quality tend to be emphasized to the neglect of the nutritive 
values of foods. Processing, packing, and special services have added 
to food prices. The purchaser rarely knows which portion of his dollar 
goes for services and which for the food itself. There is little oppor¬ 
tunity for obtaining food without these services. 

To protect the consumer, the (lovernment has established certain 
safeguards. As a protection for health, the Food and Drugs Act 
prohibits the use of certain substances in foods and requires that the 
presence of others be indurated on the label; as an economic safeguard 
it requires that foods conform to certain definitions. The Bureau of 
Animal Industry, through its inspection service, protects the meat 
supply of consumers. The Bureau of Dairy Industry, in conjunction 
with the Public Health Service, establishes standards to safeguard 
the milk supply. 

But the final selection of food is an individual and family problem. 
The science of nutrition now offers a guide to this selection. It shows 
the importance of food to the well-bemg of the individual and the 
community. It tells how to advance this well-being and safeguard 
health. It offers certain standards in terms of groups of common 
foods to meet different economic needs as well as different preferences 
and habits. It is not a substitute for tradition and race experience; 
it supplements them and corrects them where they need correcting. 
Education is needed to make this science better known. Agriculture 
and industry must solve the problems of producing and distributing 
foods of high nutritive value. 
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tioiis to measure the extent and rate of oxidation of food in the body by 
measuring the amount of oxygen used and the rate at which the body 
uses it. 


Almost all kinds of foods have some fuel value. The digested prod¬ 
ucts of protein, carbohydrates (starches and sugars), and fate in food 
are oxidized in the body to produce heat and muscular activity. For 
a given weight, carbohydrates and proteins yield the same amount 
of heat or energy in tbe body, while fats yield more than twice as 
much. The percentages of protein, carbohydrates, and fate in differ¬ 
ent foods vary widely. 

Aside fronS the food our bodies must oxidize in order that we may 
be physically active, a certain amount must continually be burned to 
keep the body warm and to furnish energy for breathing movements, 
the beating of the heart, and other physiological activities. The rate 
of energy expenditure by the body at rest is called the basal metabo¬ 
lism. Basal metabolism is measured in the morning before breakfast, 
when digestion and assimilation of food are not in progress. The 
measurements are made while the body lies in a state of complete rest 
and under comfortable conditions of temperature. The amount of 
oxygen used up under these circumstances varies with the body sur¬ 
face of the individual. After many years of careful and tedious study, 
it was found that the basal metabolism for each square foot of the 
body surface is almost the same for all normal well-nourished persons 
of the same age and sex. 


A method was also found whereby the total body surface could be 
estimated from measurements of the height and weight of the body. 
With this knowledge, it becomes possible to determine whether the 
basal metabolism^ of any individual is normal or abnormal, and this 
is an early step in diagnosing certain diseases. 

Ordinary mixed diets contain some materials, such as cellulose, that 
are not digestible. In addition, about 2 percent of the real food value 
of the diet escapes digestion and is lost in the excreta. Besides this a 
certain amount of the fuel value of the food is normally used up in 
the process of digestion itself; this has been called the cost of digestion 

Muscular activity increases the amount and rate at which food is 
oxidized by the body. Since this calls for more oxygen, we breathe 
more rapidly when we work than when we sleep or rest In such 
exercises as swimming and rowing, the body uses food and oxygen 
trom 8 to 14 times as fast as when it is at rest. 

The fiiel used as a source of energy for engines can in part be trans¬ 
formed into motion of a wheel or rod. This motion can be harnessed 
and made to do work. The percentage of the heat value of the fuel 
vjich an en^ne can transform into work is spoken of as its mechanical 
emciency. The mechanical efficiency of the body is about 16 to 25 
percent greater than that of steam locomotives and about the same as 
that of automobile engines. 

A man or woman who follows an occupation requiring moderate 
actmtv needs about twice as many food calories as are nfeessary fo? 
his or her basal metabolism. 


If the fuel or calonc value of the food eaten by a normal adult is 
more than is required to ipaintam the body and to provide for bodily 
activities, the mdividiial is likely to take on weight. If the caloric 
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value of the food is regularly too small to meet these needs, the body 
weight drops. Whether a normal adult will grow fat or thin is not 
just a matter of whether he eats much or little, but whether he eats 
much or httle in relation to his physical activities and possibly his 
glandular balance. One can become fat as a result of eating too much, 
exercising too little, or both. 

Many men and women who follow no other guide than their natural 
appetites and who vary their activities widely do not change in body 
weight over a period of many years. In such cases appetite closely 
follows the need for food. Some men and women, however, remain 
overweight in spite of the fact that they seem moderately active and 
have been careful not to overeat. Some authorities believe that over¬ 
weight under these conditions may he the only evidence of a slight 
internal gland disturbance which is not yet fully understood. Cer¬ 
tainly if one is greatly overweight or underweight, a competent physi¬ 
cian should be consulted before any abnormal or unusual dietary 
program is begun. Sometimes reducing is carried too far for the sake 
of fashion. Dietary restrictions that lead to pronounced underweight 
are serious hazards to health. Adolescents especially are likely to 
undermine their health by starving their bodies at a critical and forma¬ 
tive period. 

Normal growing children require more food per pound of body 
weight than do normal adults. Children need extra food for the 
rapid building of new tissues as well as to supply fuel for their nor¬ 
mally greater activity. Many years of observation have proved that, 
in adolescence, to be a few pounds overweight is an asset to health. 

During pregnancy and lactation, women require additional amounts 
of certain foods to provide for the needs of the developing embryo and 
for the production of milk for the infant. 

Ohler people usually require somewhat less food than is needed 
during middle age. 

FOOD FOR BODY BUILDING AND REPAIR 

The essential constituents of food include proteins, fats, carbohy¬ 
drates, minerals, and vitamins. No single food is adequate to pro¬ 
vide all the essentials of a proper diet for man. Milk probably comes 
nearest to being a complete food, but even it is not perfect, and an 
attempt to live indefinitely on milk alone would lead to trouble. 
Foods vary greatly in their proportions of the essential constituents. 
For this reason, it is wise to eat a wide variety of foods and to select 
these so that a balanced diet will be assured. 

In order that a diet may be satisfactory it must first of all be palat¬ 
able. Appetite, is necessary for proper digestion and for the best 
use of food. Good cooking and pleasing flavor therefore become 
important conditions for good nutrition. Food must also furnish 
enough caloric value to provide warmth for the body and energy for 
normal activities. Most authorities are agreed that, for an adult, 
not less than 10 to 12 percent of the caloric value should be in the 
form of protein, about 25 to 30 percent in the form of fat, and about 
60 percent in the form of starches and sugars. The diet should con¬ 
tain liberal amounts of fresh fruits and vegetables, including some of 
the green and leafy varieties. Fruits and vegetables and whole 
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cereals are important sources of vitamins and minerals as well as of 
sugars and starches. Milk, meat, and eggs are likewise essential to 
a well-balanced diet, since they are important sources of protein and 
other food essentials. An adequate supply of essential minerals, best 
provided by a mixed diet, is extremely unportant. Children need 
liberal amounts of these minerals to supply the necessary building 
materials for the skeleton and teeth. Mmerals are also necessary for 
proper structure of soft tissues and for the regulation of many vital 
processes of the body. 

DIETARY DEFICIENCY DISEASES 

Poverty, faulty dietary habits, aversion to numerous footls, and 
the presence of disease are factoi’s that result in suboptimal nutrition 
for considerable luunbers of our population. The chief fault of many 
American diets is that they proviile too little of the essential minerals 
and vitamins. This fault is due in large measure to the fact that 
refined foods are consumed in such amounts that the intake of mineral- 
and vitamin-rich natural foods is lower than it should be. 

The occurrence of severe iiutntional deficiency diseases in man, 
other than pellagra, rickets, and possibly infantile scurvy, is rare in 
the United States. Records of the incidence of such diseases as 
scurvy aiul beriberi are not available except as these diseases appear 
in hospital records or are assigned as the cause of death. 

Most authorities accept the jioint of view that in practically all 
states of malnutrition in human beings the diet is likely to be inade¬ 
quate in several food essentials rather than one only aiul will even¬ 
tually proiluce a complex clinical picture, not a clear-cut, simple 
one such as can be observed with laboratoiy animals. 

Physicians and nutritionists are also beginning to realize that the 
effects of a prolonged slightly faulty diet may not be detectable 
for years. The early symptoms of dietary-deficiency diseases in 
human beings are general and often extremely vague. Prolonged 
inadequacy of protective foods either from dietary lack, failure of 
utilization, or increased requirement, produces a variety of border¬ 
line states of ill health in advance of severe deficiency states. These 
border-line states can rarely be defined clearly anil rarely appear 
uncomplicated. 

Many people in this country undoubtedly live on diets far below 
optimum in essential proteins, minerals, and vitamins. Such per¬ 
sons may be quite normal in body weight, or they may even be over¬ 
weight as a result of eating diets high in fat, sugars, and starches but 
low in protective foods. Body weight alone is not a reliable index of 
the state of nutrition of an individual. 

Some persons acquire faulty eating habits in early childhood and 
follow a sort of blind routine or custom in the matter of food selection, 
never learning what correct diet is. Others follow some preconceived 
notion as to what foods are good for them instead of putting into prac¬ 
tice the sound knowledge available concerning proper food selection. 
Appetite as a guide in the selection of food is not reliable because it is 
so largely dependent on custom and attractiveness of flavor rather 
than on knowledge of the principles of good nutrition. Education in 
correct dietary habits so that people may learn how to provide them- 
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selves with liberal amounts of the protective foods is a very important 
factor in improving our national health. 

Certain diseases are associated with greatly reduced food intakes, 
poor digestion and inadequate absorption of food, increased require¬ 
ments, or failure of the body cells to utilize food. In most diseases 
accompanied by disturbances of the digestive tract, some kind of 
restricted diet is prescribed by the physician or voluntarily followed 
by the patient. Such diseases need special attention in order that 
the food may provide the essentials or that an unbalanced diet may 
not be continued longer than absolutely necessary. Exercise, growth, 
pregnancy, lactation, fever, and hyperthyroidism (overactivity of the 
thyroid gland) are among the conditions knf)wu to increase the require¬ 
ments for at least some of the protective foods. 

Physician and nutritionist alike lack the necessary measuring sticks 
to evaluate the vague symptoms of ill health resulting from malnutri¬ 
tion. Attempts are being made to measure nutritional status in 
cases where there are no marked symptoms of deficiency, but such 
attempts are sorely baTidicappcd by inadetpiate knowledge both of 
how to make the measurements and of how to interpret such measure¬ 
ments as are made. With present-day knowledge it is possible to 
measure only a very few of the nutritional disorders that result from 
a mild dcficien(*y of one or more of the essential food factors. Knowl¬ 
edge of the human i-equirements for certain of the well-known vitamins 
and less common minerals is completely lacking. This lack of scien¬ 
tific methods and infoi’ination obstructs progress in promoting posi¬ 
tive and abundant health. So long as mild deficiencies resulting from 
slightly faulty diets are not detectable, the means of alleviating such 
conditions through a fully adequate diet will continue to be neglected 
and what might be called negative health will become progressively 
worse. Any practical program in human nutrition not directed 
toward surmounting these obstacles falls short of its real objective, 
which is to promote positiv^e health and efficiency. 

THE FUNCTION OF WATER 

Water may or may not be classed as a food, depending on the 
definition of a food. C'ertainly water as well as oxygen and foodstuffs 
is essential to human life. The length of time that life can endure 
without water depends on several circumstances. For example, men 
lost while attempting to cross a hot desert without haying access to 
food or water usually die in about 2 to 4 days. There is at least one 
record of a prisoner who lived 18 days with neither food nor water, 
but in this case the climate was moderate and the man’s activity was 
slight. 

In addition to the water consumed as drinking water and in 
beverages, the body also receives large amounts from food. Many 
of our common foods are more than 50 percent water, and even those 
that from casual observation seem dry contain considerable water or 
moisture. Besides the water from these sources, some is formed 
within the body by the oxidation of sugars, fats, and protein. It has 
been estimated, for example, that as a result of the oxidation of an 
ounce of fat in the body about an ounce of water is formed. 

The bodies of normal persons of the same size do not vary much in 
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water content. Water ordinarily accounts for about 60 to 70 percent 
of the body weight. Blood, urine, sweat, digestive juices, tears, 
internal fluids of the eyes, and mucous all contain very large propor¬ 
tions of water. 

Water performs many functions in the body. It serves as a vehicle 
for transporting food and waste products. It assists in the regulation 
of body temperature. It takes part in many chemical processes. It 
serves as a lubricant, and to some extent shares the function of body 
fat in protecting certain organs from external injury. 

Normal pemons at rest under comfortable conditions of temperature 
and humidity lose about 25 percent of the heat value of their food by 
vaporization of water from the surface of the skin and with the air 
expired from the lungs. This loss of water in a man of averap' size 
amounts to about pints a day; it is spoken of as “insensible per¬ 
spiration.” 

When sweating occurs the loss of water from the surface of the skin 
ii\creases markedly. Athletes fluring very strenuous exercise have 
been observed to lose as much as 10 pints of water, chiefly as sweat, 
within about 1 hour. An average-sized adult normally excretes 
anywhere from 2 to 5 pints of water a day by way of the kidneys and 
bowels. Excessive intake of fluids would, of course, increase the 
amount of water excreted by the kidneys. In summer more wa.ter is 
lost through the skin and less is excreted by the kidneys than in winter. 

It would not be possible to give a general recommendation for 
daily intake of water, since the need varies so widely, depending on 
climate, clothing, activity, and water content of the food eaten. The 
satisfaction of thirst usually takes care of the need for water. As a 
very rough estimate it probably is safe to assume that an average-sized 
man, comfortably clothed, living in a temperate climate, and doing a 
moderate amount of work, loses about 6 pints of water from his body 
every 24 hours. If at mealtimes he ate an appropriate amount of an 
ordinary mixed diet, including ordinary amounts of fluids, to cover 
his food requirements, he probably would have provided in this way 
a water intake of about 4 pints. Thus, in order to replace all the 
water lost from his body in the same 24 hours he would need to drink 
about 2 pints, or 4 glasses, of water. 

Under normal conditions the average intake of water is believed to 
run low" rather than high, but with the ijiterference of fads both 
extremes are possible. So-called health rules giving unqualified in¬ 
structions for the same quantities of water, whether 6 or 20 glasses 
daily, for all persons, must be regarded with suspicion. The water 
requirement of a given person can be computed as accurately as can 
the calorie requirement, but it is affected by so many factors that the 
requirement under one set of conditions cannot be carried over to an 
entirely different set. The climate, clothing, amount of sweating, and 
conditions of health all markedly influence the water requirement. 

Restricted water intake leads to diminished appetite and eventually 
to undernutrition. This is of significance for young children ancl 
others to whom water must be offered. Under certain conditions 
accompanied by abnormally large losses of water, such as continued 
vomiting, diarrhea, fevers, and copious sweating, the provision of an 
adequate intake of water may present a real problem. 
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Unless water is used to flush food into the stomach to avoid chewing 
properly, there seems to be no adequate reason why satisfying amounts 
should not be taken at mealtimes. Children should not, of course, 
be permitted to drink so much water or otlier liquid just before 
mealtime or during the early part of the meal that they will be too 
full to eat the food they require. 

Many abnormal conditions such as diarrhea or persistent vomiting 
may cause the body to be temporarily short of water. During wasting 
diseases, the body loses water as well as protein and fat. In con¬ 
valescence these losses are replaced, often with amazing rapidity. 

When fat is deposited in the body it tends to replace water, and 
conversely, as body fat is burtied, it tends to be replaced by water. 
If an obese person undertakes to reduce his body weight by restriction 
of calorie intake, he is often disappointed to find that his weight does 
not drop promptyl. The fat in his body actually may be considerably 
less than it was, but water has been stored in its place. If the caloric 
restriction is continued the weight will eventually drop, and by 
almost the exact amount predictable from the degree and period of 
restriction. A part of the gain in body weight of normal growing 
children is always water. 

Copious sweating involves large losses of sodium chloi-ide, or 
common salt, as well as of water. Excessive losses of salt by this 
means, when unbalanced by dietary intake, have been known to cause 
severe cramps and collapse or heat prostration (.^51). In instances of 
heavy labor in extremely hot and dry climates, as for example during 
certain periods in the construction of Boulder Dam, use of salt in 
the drinking water has been employed to prevent such effects (278). 
Similar temporary measures are sometimes used by cross-desert travel¬ 
ers and for fighters of forest fires. Ingestion of salt tablets is another 
expedient often advocated for individuals during or following periods 
of copious sweating. 

THE FUNCTIONS OF PROTEIN 

Next to water, protein is the most abundant constituent of the soft 
living tissues. Proteins must always be supplied in food to provide 
the material necessary for repairing the wear and tear of the soft 
tissues and for building new tissue. 

Before the body can make use of food proteins, they must undergo 
certain chemical changes in the course of digestion. Proteins are 
converted during digestion into several distinct and simpler sub¬ 
stances, the amino acids, which <*an j)ass through the wall of the intes¬ 
tine and be taken into the blood stream. The digestive juices secreted 
in the stomach and intestines carry ceitain enzymes, which quicken 
the processes of digestion and without which proteins could not be 
digested. There seems to be very clear evidence that enzymes them¬ 
selves, or at least some of them, are proteins. 

The amino acids circulate in the blood, and the body cells select 
the particular amino acids that they need for building and repairs. 
Any amino acids that are not required for these purposes are broken 
down into still simpler substances, of which some are rapidly oxidized 
and some—chiefly urea—excreted by the kidneys as waste products. 

Food proteins "differ in the kinds and amounts of amino acids that 
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can be dciiveci ffoin them. The proportions of amino acids present 
in tlie soft tissues of the human body are in general more like those 
in food protein from animal than from vegetable sources. Certain 
amino acids essential for body building and repair are almost wholly 
lacking in some of the food proteins. Such proteins are said to be 
incomplete. Practically all of the 22 known amino acids enter into 
the composition of the body. However, only 10 are designated 
“nutritionally essential”—that is, must be present and already 
formed in the proteins of the diet. The others can be manufactured 
within the body. Those amino acids lacking in one protein may be 
fairly abundant in another, and it is consequently recommended that 
the food provide several sources of protein so that all the essential 
amino acids may be included. 

In addition to the protein deposited in the body by the growth of 
muscles and certain other tissues, it ajipears that limited amounts 
may be stored in the body as a result of eating very liberal quantities 
of food protein. This so-called storage protein rises and falls in yeiy 
close association with the intake of food jirotein. Some authorities 
believe that such storage of protein Piward the end of ju-egnancy is 
important for successful lactation. 

During exercise the contraction of muscle produces rather large 
amounts of lactic acid. As this acid is jiroduced the proteins in 
muscle combine with it in such a way that the acidity does not build 
up to a harmful degree. This protective function of the body pro¬ 
teins results from the property known as buffer action. As will b<‘ 
pointed out later, buffer actioii to prevent undue acidity or alkalinity 
is not an exclusive property of proteins. 

A serious and prolonged deficiency of protein in the diet brings 
about a decrease in the protein content of the blood plasma. This 
is frequently accompanied by a tmidency to form abnormal accumu¬ 
lations of water in the tissue spaces edema particularly in tin? 
extremities. Abnormal amounts of fluid may also accumulate in 
the chest and abdomen, the muscles waste away, and extreme weakness 
follows. 

The so-called war edema, or hunger swelling, which appeared rather 
extensively in Europe during the World War, was said to be the 
result of protein deficiency. This condition resulted from prolonged 
undernutrition when the food consisted chiefly of carbohydrates, very 
little protein, and almost no fat. Under the circumstances it seems 
that the condition must have been accompanied by other deficiencies 
as well. 

A condition very much like the war edema has appeared among 
certa,in ill-fed populations of this country {1275). Severe and prolonged 
deficiency of protein intake is to be expected among people of the very 
low income group and in isolated sections of the world where for long 
periods there may be an abundance of fruits and vegetables but little 
milk, cheese, meat, and eggs. 

An insufficient intake of protein suitable for the purposes of building 
the new body tissues of children results in subnormal or retarded 
growth (747). Liberal supplies of protein are important during nor¬ 
mal pregnancy and lactation. There is also evidence that more 
infants could be breast-fed if their mothem were provuled with ample 
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and suitable kinds of dietary proteins along with other protective 
foods (409). 

Protein deficiency may result from causes other than insufficient 
protein intake. For example, certain diseases may be associated 
with heavy losses of protein in the urine or with severe hemorrhage, 
either of which may eventually cause symptoms of protein deficiency. 
There may also be conditions which interfere with the absorption of 
the digestion products of food protein. 

Gastrointesthial disorders which interfere with proper digestion 
and absorption of food may lead to deficiency diseases jxist as surely 
as an improper intake of food. Some authorities have expressed the 
idea that the edema of beriberi, caused by vitamin B deficiency, is a 
sign of protein deficiency caused by disordered functioning of the 
gastrointestinal tract in the absence of adecpiate vitamin B. 

A daily protein allowance of about 1 gram of food protein per kilo¬ 
gram (2.2 pounds) of body weight is often accepted as a suitable 
protein standanl for the ordinaiy adult. However, many present- 
day niitritionists an<l physicians are convinced that this allowance is 
iTisufficient to provide for an optimal intake of protein. Leitch (67f)) 
has undertaken a thorough revaluation of the experimental data on 
protein rcqtiirements and reaches the conclusion that something like 
1K grams of proteiTi per kilogram of body weight is a better standard 
for adults. 

Low-j)rotein diets were* formerly advocated by ])hysicians in the 
treatment of certain diseases of tlic kidney, but the ])resent-day treiul 
is ciuite generally away from severely restricted proteiiv intake in the 
treatmcTvt of renal <liseaso. 

THE FUNCTIONS OF FATS f 

In man, body fat is found in largest amounts under skin, between 
the muscles, and around many internal organs. T||f fat so stored 
serves as a reserve source of heal, and energy when the caloric value of 
the food is insuflicient or for temporary periotls wlien no food is 
eaten. The accumulation of a certain amount of fat around vital 
organs such as the kidneys provides considerable protection against 
cold and injury. Small amounts of fat are also found in the body 
cells. Certain fishes, notably, the cod and halibut, store practically 
all of their reserve fat in tlieir livers. Relatively enormous amounts 
of oils, rich in vitamins A aiid D, can be obtained from tlie livers of 
these fishes. 

Certain other fatlike substances (the so-called pliosjjholipids and 
sterols) are important constitwaits of the cells of the human body. 
Some of these form a part of the cell walls, and ])robably most of them 
play a part in controlling the passage of food materials through the 
cell walls. 

The fat content of meat is largely determined by animal feeding 
practices. In the vegetable kingdom, seeds (for example, sesame 
seed and cottonseed) and nuts are rich sources of fats. Matiy differ¬ 
ent kinds of fats have been identified in both plants and animals. 

Before fats can be carried to the body cells by means of the circu¬ 
lating blood it is necessary for them to be digested in the intestinp 
with the aid of enzymes. Fats require a longer time for digestion in 
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tJjp stonmc-h than carboliydrates or proteins. For this reason, they 
arc of special importance in delaying the sensations of hunger. This 
property of fats is freipiontly referred to as “staying power.” A diet 
practically devoid of fat is vciy likely to create an abnormal feeling of 
lumger a few hours after meals. This discomfort was common among 
refugees of the World War when fats were available in very limited 
amounts. 

A small amount of fat is necessary for the absorption of certain 
essential foods from the digestive tract into the blood stream {^64). 
Carotene, for example, requires the presence of fat for good absorp¬ 
tion {65). 

Certain kinds of fat, containing what are called unsatprated fatty 
acids, are believed to be necessary for good nutrition. A deficiency 
of these fatty acids causes a roughness and scaliness of the skin in 
experimental animals {175. 1154). They are needed only in very 
small amounts, however, and they are quite abundant in several 
ordinary fats. 

The human race seems to have become accustomed to diets in wliich 
the fat content provides about 25 percent of the total calorie intake. 

THE FUNCTIONS OF CARBOHYDRATES 

An ordinaiy mixed diet contains about 00 percent of the total fuel 
value of the food in the form of starches and sugars. In normal proc¬ 
esses of digestion, starch and certain of the sugars have to be broken 
down into one or more of three simple sugars which the body is able 
to utilize from the blood. These digestive processes are accelerated 
by enzymes in the digestive juices. An enzyme contained in the 
saliva begins the digestion of starch in the mouth. 

After a meal of ordinary food mixtures, the amount of sugar in the 
blood rises temporarily and then drops to about 0.1 percent after 
something like 3 hours. At this level it remains remarkably constant 
until more food is digested and absorbed. Tn this way the tissues 
usually have access to a steady supply of sugar which can be used to 
produce heat and bodily activity. Carbohydrates are stored in the 
liver and muscles in the form of glycogen, or animal starch. These 
reserves furnish the material for keeping the amount of sugar in the 
blood constant as the cells remove sugar from it. Even with pro¬ 
longed starvation, the blood sugar does not drop far below 0.1 percent. 
For this reason, it see/ns certain that the body can use its stores of fat 
to make glycogen, which in turn is used to supply sugar to the cir¬ 
culating blood. This explanation of the regulation of the content of 
supir ill the blood refei-s, of coui-se, to persons in normal health. Cer¬ 
tain diseases- for exmnplc, diabetes mellitus—are associated with 
disturbances in the utilization of sugar by the body. 

If the caloric value of the diet is in excess of the body’s needs for 
growth, heat, mid activity, the body converts this excess food into 
fat and stores it. An ordinary individual who regularly takes about 
10 percent more food calories per day than are needed probably would 
store about 20 pounds of body fat in a year. This 10-percent excess 
could well be provided by an extra helping of dessert. 

Besides the sugars and starches, plant foods usually contain another 
form of carbohydrate, the celluloses. These are insoluble materials 



FOOD FUNCTIONS—FOOD AND HEALTH 111 

which form the cell walls of plants. In man, they undergo practically 
no change in digestion and serve merely by their bulk and water¬ 
holding properties to promote the progress of the food in the intestines 
and evacuation of the undigested food residues. 

THE FUNCTIONS OF MINERALS 

Certain minerals, or more properly inorganic ions (the form in 
which they occur in water solution), are absolutely essential to life. 
Some of these ions appear to be held in a combination with living 
tissue. Present knowledge of the functions of inorganic ions in the 
body is far from being satisfactory or complete. However, intensive 
studies of their functions and of human requirements for them are 
under way and steady advance along these lines may be expected. 

Some of the inorganic ions that must be supplied by the diet in 
order to promote normal nutrition include those of sodium, potassium, 
calcium, magnesium, iron, copper, manganese, sulfur, phosphorus, 
chlorine, iodine, and probably many others in small amounts, the 
need for and functions of which we are only beginning to discover. 
Many of these elements are so widely distributed in both plant and 
animal foods that little concern has arisen about a shortage of them. 
The essential inorganic elements that are none too abundantly or 
widely distributed in ordinary foods are those most frequently in¬ 
volved in deficiency diseases. These include iron, iodine, calcium, 
and phosphorus. 

CALCIUM AND PHOSPHORUS 

Calcium and phosphorus in combination form a large proportion 
of the rigid structures of teeth and bone. Children whose teeth and 
bones are in process of rapid growth and development should there¬ 
fore bo given foods that will supply liberal amounts of these two 
minerals. Milk is an excellent source of both calcium and phosphorus. 

Calcium is also essential for the clotting of blood and, together with 
sodium and potassium, for the steady working of the heart and for 
normal activities of muscle. 

Phosphorus takes part in a series of chemical processes involved in 
the oxidation of sugar, in the activation of certain enzymes, and in 
the production of buffering acids in the body. 

In the discussion of vitamin D deficiency later it will be emphasized 
that the effective utilization of calcium and phosphorus for bone 
growth and normal tooth development is dependent on an adequate 
supply of this vitamin. Vitamin I) will not take the place of calcium 
and phosphorus, nor will these two inorganic elements provided in 
liberal amounts take the place of vitamin D during growth. Calcium, 
phosphorus, and vitamin D work together in the important task of 
building a strong skeleton. 

The hody of the normal infant is not provided with reserves of 
calcium and phosphorus at hirth, and the period of most rapid growth 
is immediately ahead. Therefore it is important almost from birth 
to apply preventive measures against deficiencies of calcium and 
phosphorus. 

In spite of the fact that knowledge of effective measures for the 
prevention of calcium and phosphorus deficiencies is at hand, there is 
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abundant, evidence that a considerable proportion of the general 
population of all ages does not receive adequate amounts of calcium 
{1104). 

The role that calcium deficiency plays in stunted growth has been 
established for experimental animals. It has been demonstrated 
in a few human cases by sfiowing that stunted children store dietary 
calcium at more than normal rates when diets become exceptionally 
good {268). Hunger osteomalacia, or “late rickets,” is a severe form 
of calcium deficiency found in adults, particularly among women of 
oriental countries. A large number of cases were seen in central 
Europe during and following the World War (775), but only a few 
have been observed in the [Tnited States. However, surveys showing 
the occurrence and severity of pelvic contractions among women of 
the [Tinted States might I’evea! facts of considerable import to mater¬ 
nal welfare, since a contracted pelvis interferes with normal childbirth. 
From such a study in Scotland (755), the percentage of cases of con¬ 
tracted pelvis reported ranged from 1 percent among women of the 
more well-to-do classes to almost 12 percent in congested districts of 
Glasgow. 

The adidt body has the capacity for carrying fairly large mobile 
stores of calcium. To be optimum a diet must keep these reserves 
well filled at all times. Negative balances of calcium, in which the 
ilietary supplies do not cover the losses by excretion for the same 
jieriod, are usually taken as a measure of the inadequacy of the diet. 

The maternal need for c;alcium and phosphorus is still greater after 
the infant begins to nurse than it was during pregnancy. At this 
stage the infant is building bones at a much faster rate than before 
it was born. The pregnant or nur-sing mother whose diet is so deficient 
in calcium and phosphorus that she must supply these elements from 
her own tissues to the unborn child or the infant is not safeguarding 


her own health. 


IRON AND COPPER 


Iron, although present in the bodies of normal adults only to the 
extent of about one-fifth of an ounce, is absolutely essential for the. 
formation of hemoglobin, the red pigment of the blood. It seems 
likely that traces of iron in the soft tissues also take part in the con¬ 
tinual oxidations going on there. The liver normally contains a 
larger proportion of iron than other soft tissues of the body. Infants 
are normally provided with iron-rich hemoglobin and with stores of 
iron in their livers at birth. Nature seems to have provided this 
store of iron to tide over the period when the infant lives largely on 
milk, a food which contains very little iron. Since the formation of 
the green coloring matter in leaves requires the presence of iron, green 
leaves are valuable dietary sources of this mineral. Whole-grain 
cereals and red meats, especially liver, are also rich in iron. 

A reduction in the number of red corpuscles or a deficiency of 
hemoglobin is usually associated with the condition known as anemia. 
Not all anemia, however, is due to a deficiency of iron in the food. 
The manufacture of hemoglobin is a chemical process which takes 
place continuously and is closely associated with other vital processes 
in the body. A certain healthy state of the body is essential for the 
formation of hemoglobin in amounts which will maintain a normal 
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content in the blood. Manjr diseased conditions such as chronic 
infection, subnormal functioning: of the thyroid gland, ncpliritis, and 
scurvy are associated with anemia. 

Nutritional anemias resulting from a lack of iron in the diet are found 
rather frequently among infants, particularly those of the very low 
income groups (264)- Some of these cases may be attributed to an 
inadequate intake of iron by the mother before the birth of the infant 
{ 1106 )y and others to a delayed introduction of iron-containing food 
into the diet of the infant (1100). 

During growth the body has especially heavy demands for iron to 
supply the needs for the formation of increasing amounts of hemo¬ 
globin in an expanding blood volume. Supplies of iron sufficient to 
meet the demands of rapid growth must be provided from before birth 
through adolescence or anemia may be expected to result. That there 
is an extra demand for iron following losses of blood is obvious. 

Copper also is apparently essential for the formation of hemo¬ 
globin. At least this has been found to be true in the case of small 
animals (S2S). Other inorganic elements such as cobalt and man¬ 
ganese perhaps have, in very minute amounts, an influence similar to 
that of copper. These substances, while aiding in the formation of 
hemoglobin, probably do not enter into its composition. 

One type of anemia, designated as pernicious anemia, is accom¬ 
panied by a disturbance in gastric secretion. Certain foods in addi¬ 
tion to being rich in iron carry an unknown substance, the so-called 
extrinsic factor, which must react with the gastric secretion to form a 
now substance essential for the normal production of hemoglobin. A 
deficiency of this substance would appear to be linked with the 
o(‘currence of pernicious anemia. 

IODINE 

Iodine is essential for the formation of a highly important substance 
in the secretion of the tln^roid gland. This substance (thyroxin) 
functions in the regulation of the heat production of the body. Prac¬ 
tically all of the iodine present in the body is to be found in the 
thyroid gland. Iodine is fairly abundant in seaweeds and in sea food 
but can also be supplied adequately by a veiy small amount of a salt 
of iodine such as potassium iodide. Actually very little is required 
by the body, however, and an overdosage of an iodine salt could very 
easily do harm. 

Absence of iodine in the water or food or both brings about an 
(uilargement of the thyroid gland known as simple goiter. This dis¬ 
ease is more frequent among women than among men. The disease is 
more prevalent during adolescence, pregnancy, and lactation than at 
other times. Simple goiter has been most prevalent in those areas of 
the United States where there is a deficiency of iodine in the water and 
soil. These areas include particularly the region near the Great 
Lakes, certain sections of the Middle West, and parts of the Rocky 
Mountains. 

Simple goiter is far less prevalent in the United States now than 
some years ago. Part of this improvement is due to the use of 
iodized table salt and to wider use of deep-sea foods, which are fairly 
rich sources of iodine. 

111894“—39 -—9 
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In some regions where the iodine intake is likely to be deficient the 
use of iodized water for short periods has been tried. This method of 

f jroviding iodine is not always satisfactory, because certain individuals 
iving in the community may be suffering from ailments that are 
aggravated by additional iodides. 

It would seem that school children, at least, might be protected 
from the possibility of an iodine deficiency by having a suitable and 
safe amount of potassium iodide given to them under proper medical 
stipervision. It can hardly be said that a thoroughly satisfactory 
method of assuring everyone of a proper intake of iodine has been 


achieved. 


OTHER MINERALS 


Magnesium ions are required to promote the activity of at least one 
enzyme.From results of animal experimentation (&S0, 874) it is known 
that a deficiency of magnesium in the diet brings about signs of 
hypersensitivity and irritability, and during pregnancy and lactation 
even more severe physical disturbances, such as convulsive seizures. 

Manganese probably is require<l only in very small amounts. A 
deficieney in the diet of certain experimental animals has been re¬ 
ported to resxxlt in sterility of the males and in a lack of maternal care 
on the part of the female for her newborn young. 

While it seems unlikely that a magnesium or a manganese deficiency^ 
is common among human beings, the subject deserves further investi¬ 
gation. The correlation of human and animal nutrition has led to 
great advances for both, since they have a great deal in common. It 
often happens that what appears as a deficiency disease in animals 
may be encountered as a result of a disturbed metabolic condition 
in man. 

Sulfur is present in certain essential amino acids which must be 
provided by food protein and therefore enters into the structure of the 
soft tissues of the body. A certain combination of sulfur and amino 
acids, known as glutathione, is very widely distributed in the soft 
tissues and takes part in the complicated processes of oxidation. 
Sulfur also enters into the chemical structure of thiamin (vitamin Bi). 

Rather large amounts of chlorine in the form of hydrochloric acid 
are secreted in the digestive juice of the stomach. Here the hydro¬ 
chloric acid brings about certain changes in foods as a part of normal 
digestion. Hydrochloric acid is also necessary in order to provide 
the proper environment for the action of an important enzyme, 
pepsin, which is concerned with the digestion of food protein. Chlo¬ 
ride ions, along with sodium ions, are widely distributed in the body. 
These two ions in combination are the constituents of table salt- 
sodium chloride. Man and animals alike suffer salt hunger if deprived 
of suflScient amounts of this type of salt. Sodium and chloride ions 
function also in maintaining proper cell pressure—osmotic pressure— 
which regulates to a large extent the passage of substances through 
the cell walls. This function is shared with other inorganic ions and 
with other substances normally present in cells. In the blood and 
body fluids sodium and chlorine ions take a very important part in 
maintaining a normal acid-base balance. 

Watery fluid, containing inorganic ions of various kinds and nu¬ 
trients used in processes of repair, growth, and energy and heat for- 
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in&tion, surrounds the body cells and is a part of their natural en¬ 
vironment. 

THE FUNCTIONS OF THE VITAMINS 

The vitamins and certain of the minerals have frequently been 
described as body regulators. Some of these, however, belong j ust as 
rightfully to specific body structures as do proteins, and certainly the 
buffer action of the proteins, mentioned earlier, is a regulatory func¬ 
tion. Classification of the essential food constituents by type of 
function is therefore somewhat misleading. 

The vitamins have little in common in chemical composition or 
properties, but in one respect at least they are alike—each of them is 
required for normal nutrition only in verv small amounts. Some of 
the minerals too are needed in very small quantities—those that are 
called trace elements-—^but there is no danger of confusing them with 
vitamins, since there is not the remotest resemblance. 

The scientific investigation of the vitamins was begun scarcely more 
than 25 years ago. Because they are new and interesting, and because 
their presence or absence in the diet provides such startling and dra¬ 
matic contrasts, the vitamins have been widely popularized. On the 
whole this is good, though some of the popularization has been at the 
expense of truth. 

The vitamins are essential to health at all ages but arc particularly 
important during the period of growth and development, prenatal as 
well as postnatal. An inadetpiate supply of ^^tamins during tliis 
period may cause serious danger to normal development of the bones, 
teeth, and other body structures. 

VITAMIN A 

Vitamin A is essential for life, liealth, and growth. It is indis¬ 
pensable for the maintenance of normal epithelium, a special kind of 
tissue which serves as a protecting layer of body surfaces. The lining 
of the digestive tract, for example, separates the living parts of the 
body from food which has not yet become a part of the body and 
from waste products which are to be excreted; it is, therefore, strictly 
speaking, a body surface. The linings of ducts or canals of glands, 
which carry secretions from the glands to the digestive tract, and the 
lining of the bladder are further examples of less obvious body sur¬ 
faces. These epithelial structures undergo marked changes and can¬ 
not fulfill their normal functions as protecting layers uidess the body 
is provided with vitamin A. 

Vitamin A is essential for the proper formation and normal develop¬ 
ment of teeth. It forms a part of the visual purple pigment of the 
retina of the eye. Unless sufficient vitamin A is provided for the 
formation of this pigment, the eyes gradually lose their ability to see 
normall;^' in dim illumination—a condition Imown as night blmdness. 
A severe and prolonged deficiency of vitamin A leads to total blindness. 

Carotene, the yellow pigment of carrots and of many other yellow 
and green plant loods, can be converted by the body into vitamin A. 
Three separate carotenes and a yellow pigment known as crypto- 
xanthin normally found in plant foods are thus converted and are fre¬ 
quently called provitamin A or precursors of vitamin A. 
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A deficiency of vitamin A results in defective tooth formation, in 
cessation of growth and of normal bone development, in structural 
change of the epithelial tissues whereby their normal protective 
function is lost, in night blindness, and, in experimental animals at 
least, in loss of reproductive powers. The disease of the eyes known 
as xerophthalmia—the Greek word for “dry eye’’—is a result of 
changes in the epithelial tissues of the eye and the glands that secrete 
tears. This damage to the eye may become so severe that total 
blindness results. Recently Mcllanby (779) has reported that vitamin 
A deficiency in growing puppies causes structural changes in tissues 
resulting in deafness. 

More detailed information on the pathology of vitamin A will be 
found in articles by Wolbach (1^46) and by Bessey and Wolbach 
{97). Those articles cite many references to literature on this subject. 

VITAMIN B, (THIAMIN) 

Since the chemical structure of vitamin Bi has become known, that 
name has been largely replaced by the name “thiamin.” To chem¬ 
ists, the newer name indicates a vitamin that contains sulfur. 

Thiamin is an important part of an enzyme (cocarboxylase) which 
is essential for the normal and complete oxidation of sugar in the body 
cells. Work on this subject has recently been reviewed by Williams 
{1227). It is quite possible that the several signs of thiamin defi¬ 
ciency which have been observed in man and animals are all results of 
disordered and incomplete oxidation of sugar. In the absence of 
complete oxidation of sugar, the production of heat and energy would 
be decreased and toxic products would accumulate. 

A lack of thiamin causes a marked loss of appetite, a loss of tone 
in the muscles of the intestines, loss in weight, impaired functioning 
of the nervous system, occurrence of pains and weakness in the limbs, 
a lowered body temperature, edema, and a slowing of the heart rate. 

In countries where polished rice is the principal article of diet, the 
intake of thiamin is so small that the disease beriberi, or polyneuritis, 
develops. The symptoms of this disease are largely those listed 
above, in intensified degree. Milder forms of polyneuritis are believed 
to be of rather common occurrence as a result of an inadequate intake 
of thiamin. Polyneuritis seems also to be associated with severe 
chronic alcoholism. In this case both improper intake of food and 
disturbed digestion and utilization of food are probably involved. 

It is very important that liberal amounts of thiamin be supplied to 
pregnant and lactating women. Some investigators have reported 
that the neuritis of pregnancy may be a result of insufficient intake 
of thiamin. Other workers have found that thiamin is very important 
for normal lactation. A recent book by Williams and Spies {1229) 
presents a comprehensive review of the clinical aspects of thiamin 
deficiencies and discusses at some length the uses of thiamin in 
medicine. The pathology of beriberi also has been reviewed recently, 
by Vedder {1164). 

VITAMIN C (ASCORBIC ACID) 

Vitamin C is primarily concerned with the production and main¬ 
tenance of normal material between the body cells (intercellular 
material). This intercellular material is normally liquid, and the 



FOOD FUNCTIONS — FOOD AND HEALTH 


117 


supposition is that it changes to a solid or jellylike state when vitamin 
C is not supplied in the food. These changes are very marked in 
intercellular structures of the teeth and hones. 

In vitamin C deficiency the cells which produce intercellular sub¬ 
stances undergo striking changes. The nutrition and structure of the 
teeth are affected very early in the absence of vitamin C intake. 
Later the tiny capillary hlood vessels become weakened and cause 
hemorrhages throughout the body, bleeding of the gums takes place, 
the teeth loosen, the joints become swollen, and the hones become 
porous and fragile. These symptoms are characteristic of the vitamin 
C deficiency disease known as scurvy, which has been known for 
hundreds of years. 

Capillary fragility leading to the appearance of petechiae- small 
red spots on the skin formed b.v the effusion of hlood—is considered 
to be one of the earliest si^ns of vitamin (/ deficiency provided other 
causes for capillary fragility are ruled out. Vitamin C deficiency 
may he regarded as having existed if the capillary strength improves 
and the petechiae disapi)ear following vitamin C administration. 

The vitamin C content of the blood plasma and the excretion of 
vitamin C in the urine are both decreased in the early stages of 
vitamin C deficiency. 

The pathology of vitamin C deficiency is the subject of a recent 
review article by Dalldorf (250). 

Vitamin C is not stored in the body to any appreciable extent, so 
it is important to provide for regular intake of foods containing this 
vitamin. Milk is not an important source of vitamin C, and pas¬ 
teurization causes destruction of most of that present. Therefore it 
is important, especially in the case of the artificially fed infant, to 
provide a food source of vitamin C such as orange or tomato juice 
very early in life. Vitamin C is not very stable to heat in the presence 
of air or oxygen, so that with ordinary cooking much of the vitamin 
C' value of the food may be lost, particularly in nonacid foods. For 
this reason it is well to include some tomato juice, citrus fruit juice, or 
uncooked leafy food in the daily menu. Many commercially canned 
fruits and vegetables contain about as much vitamin C as the fresh 
products in spite of the rather high cooking temperatures used. This 
is because most of the air is removed from the filled cans before the 
high temperatures are applied. 

VITAMIN D 

In order that growing children may develop normal teeth and bones 
it is essential, first of all, that their diets contain liberal amounts 
of mineral bone-building materials—chiefly calcium and phosphorus. 
Vitamin D is a further essential, for it aids m the absorption of calcium 
and phosphorus from the food. If the food is none too rich in calcium 
and phosphorus, vitamhi D enahles the body to make the best use of 
what there is. Vitamin D also corrects or offsets certain unbalanced 
proportions of calcium and phosphorus in the food which are not the 
best for purposes of bone building. 

The exposure of the body to the rays of the sun creates some vitamin 
D from a substance present in the skin, but under modem conditions of 
livnig this means of providing vitamhi D is not always reliable. 
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In the absence of vitamin D, growing bones do not deposit normal 
amounts of calcium and phosphorus, and as a result they are easdj 
deformed. The vitamin D deficiency disease known as rickets is 
often associated with marked deformities of the limbs, chest, and head. 
By the use of X-rays this disease may be detected long before any 
deformity of the bones takes place and also before a physician could 
diagnose it without X-ray examination. In addition to liberal 
amounts of both calcium and phosphorus, the diets of all children 
should include suitable amounts of vitamin D from a very early 
age. Pregnant and lactating women also should receive vitamin D 
regularly. 

Vitamin D does not seem to be so important for the ordinary adult 
as for growing children and for pregnant or lactating women. Prob¬ 
ably the ordinary adult needs only a very small amount of this vitamin 
and obtains this by eating fish, milk, butter, cream, and eggs, and as a 
result of a certain amount of exposure of the body to sunshine. It is, 
of course, highly recommended tlmt pregnant and lactating women 
receive adequate amounts of vitamin D, because these body 
functions involve processes of new bone formation and development. 
Women who get practically no sunshine or outdoor exercise and receive 
very little vitamin D in their food have been known to lose large 
amounts of minerals from their bones. In certahi regions of India 
where these conditions are the accepted mode of living for women, 
this bone disorder, which is called osteomalacia, is frequently fouiul 
and is exaggerated in pregnant and lactating women. 

Adequate amounts of vitamin D may be important for the preven¬ 
tion or arrest of tooth decay (deiital caries). 

Shohl (1058) has recently summarized present knowledge on the 
physiology and pathology of vitamin D in a review article. 

VITAMIN E 

In animals, vitamin E has been found essential for the promotion 
of late stages of growth and for reproduction. The only evidence we 
have of the function of vitamin E in human beings is that repeated 
abortions in women have been reported in a few eases to have been 
followed by normal pregnancies after administration of concentrated 
preparations of vitamin E from wheat-germ oil. Vitamin E is so 
widely distributed in foods that it seems unlikely that a deficiency 
could be a matter of great concern in human nutrition. 

VITAMIN 6 (RIBOFLAVIN) 

Riboflavin is a yellow water-soluble pigment widely distributed in 
the tissues of both plants and animals. This vitamin, it is believed, 
plays a part in the oxidative processes of all living cells. In this 
capacity it is combined with a protein to form an enzyme. 

A deficiency of riboflavin in animals is characterized by cessation 
of growth, marked loss of hair, nutritional cataract, appearance of a 
skin disorder, and a general failure in physical well-being. Ribo¬ 
flavin is widely distributed in natural foods. It seems unlikely that a 
deficiency would often be encountered without the appearance of 
other deficiencies at the same time. 
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NICOTINIC ACID 

The primary function of nicotinic acid in the body appears to be 
its part in the formation of a substance that plays a vital role in 
oxidation. 

Lack of nicotinic acid or of certain very closely related chemical 
substances which occur in many natural foods would seem to be the 
deficiency of first importance in pellagra, though this disease may be 
the result of several dietary deficiencies. Chronic alcoholism often 
results in the development of a condition very similar to if not identical 
with pellagra. In these cases, it is believed that bad food habits anti 
poor condition of the digestive tract account for the dietary deficiency, 
or for the inadequate utilization of food, or both. 

Pellagra occurs often in outbreaks resembling epidemics in localities 
with restricted food conditions. It is not necessarily limited to any 
particular geographical areas, however. Since its cause is a dietary 
deficiency, it may crop out anywhere at any time. In the United 
States this disease appears most frequently in the late spring following 
a winter during which the food supply has been monotonous and 
defective. Pellagra may develop at any age, and while it is most prev¬ 
alent in families with very low incomes, it is not restricted to these. 
In certain well-to-do families the disease has been brought about as a 
result of peculiarities in food choice, food fads, gastrointestinal 
diseases, chronic alcoholism, or other conditions which have made the 
diet unbalanced, restricted, monotonous, and faulty. 

Pellagra is characterized by a certain type of skin eruption affecting 
especially the backs of the hands and forearms, the face and neck, feet, 
and genitalia. The severity of the disease is increased by exposure 
to sunshine. The disease is also accompanied by digestive disturb¬ 
ances and nervous disorders. About 2 percent of pellagrins develop 
mental disturbances requiring institutional care. 

The specific food deficiency of pellagrins—nicotinic acid, or some 
closely related substance—is found abundantly in fresh lean meats, 
milk, yeast, and many of the common vegetables. It would seem, 
however, from the very nature of the food restrictions which produce 
pellagra, that a typical pellagra-producing diet is grossly defective in 
morfe than one food essential. A study was reported {110S) oi the food 
supply and pellagra incidence in 73 South Carolina families in 1932. 
In comparison with the diet of nonpellagrous families of the same 
region, the diet of pellagrins was quite low in several vitamins and 
essential minerals. The best way to prevent pellagra and promote 
health is to supply an adequate balanced diet, giving special attention 
to the use of liberal amounts of the protective foods. 

Sebrell {1020) has recently reviewed the present knowledge on the 
prevention and treatment of pellagra. 

VITAMIN K 

Vitamin K, a newly discovered fat-soluble vitamin, has recently 
been obtained in highly concentrated form from alfalfa leaves. It 
occurs abundantly in green leafy vegetables.^ Small amounts of this 
vitamin have been found necessary in the diets of chicks in order to 
prevent hemorrhages in the muscles and under the skin and to main¬ 
tain a normal blood-clotting time. In man a slow blood-clotting 
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time has been observed in persons suffering from obstruction of the 
bile duct. A few preliminary experiments have indicated that the 
administration of concentrated preparations of vitamin K is beneficial 
in improving the blood-clotting time of these patients, provided bile 
or bile salts are administered at the same time. Presumably the bile 
salts are essential for the absorption of vitamin K from the intestines. 

OTHER VITAMINS 

Several other vitamins than those discussed above are known to 
be present in natural foods, and some of these have been isolated. 
However, the functions of most of them are known only as a result of 
observations in the feeding of animals. Knowledge of their functions 
in human nutrition must await further study. 

FOOD AND LONGEVITY 

Longevity is not a desirable gift except as it may enable us to live 
full and useful lives for a longer time. Some people remain vital 
and mentally active to 80 or more years of age. Others are broken 
in health at 30 or 40. If longevity is to be a blessing, it must be ac¬ 
companied by a prolongation of the fullness and the prime of life. 

For the most part knowledge of the conditions which promote 
longevity has been gained by observations of small animals. Only by 
the use of animals that normally have a much shorter life span than 
rnan is it possible to note the effects favorable to longevity and to con¬ 
tinued health and vigor over a period of many generations. Such 
studies pe interpreted in terms of the rate of growth of the young, 
adult size attained, length of the reproductive period, degree of 
success in beanng and rearmg young, and the length of time that 
elapses between completion of growth and the appearance of senility. 

McCollum and his associates (722) have found as a result of about 
25 years of study that when domesticated rats are fed a diet planned 
with careful attention to all the principles of the newer knowledge of 
nutrition the animals have the maximum of vigor and vitality at all 
stages of development. When the diets are defective in any way the 
animals show early signs of senility, other signs of poor health, or de¬ 
formities, the nature of which depends upon the particular dietary 
defect. 

Sherman and his coworkers (105J) have found that diets already 
adequate to support an average state of nutrition and health can still 
be greatly improved by applying the principles of good nutrition. 
They estimate that the present life expectancy of 70 years could be 
increased to an average span of 77 years without any new discoveries, 
if people simply took advantage of the present knowledge of nutrition! 
They also found that the benefits of better-than-average nutrition 
wore carried over to succeeding generations. 

McCay and his associates (716) of the New York (Cornell) Agricul¬ 
tural Experiment Station found that rats retarded in growth and 
development by severe restriction of calorie intake lived longer than 
animals allowed to eat as much food as they liked. The retarded 
animals appeared to remain young longer, too, but they were more 
sensitive to such influences as sudden and severe changes in temper¬ 
ature, and when finally they were given unlimited quantities of food 
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they never attained the same size as normally fed animals. In 
anotlier experiment (results unpublished) some important observa¬ 
tions were made on normally nourished animals; starting at middle 
life, some were allowed to grow fat and some were kept thin. The 
investigators took special pains to provide both groups with adequate 
intakes of the protective foods—the vitamins and essential minerals. 
The results showed very clearly that the thin animals outlived the 
fat ones. This seems to support the adage “A lean horse for a long 
race.” But it mtjst not be forgotten that thinness can be carried to 
an undesirable extreme with grave danger to health and life. Enier- 
geiu'ies often arise when reserves are urgently needed to tide over a 
crisis. 

According to combined records of 40 life-insurance companies, the 
lowest death rate at middle life is found among persons weighing a 
few pounds less than average. A moderate amount of overweight 
before the age of 30 to 35 is generally considered favorable to health, 
but overweight after 35 and in middle life is a menace to health and 
longevity, besides adding a burden of extra pounds. It generally 
indicates faulty living habits. 

RELATION OF DIET TO DENTAL CARIES 

The occurrence of dental caries, or decay of the teeth, has been 
observed in man for centuries. In a recent Nation-wide sun^ey {784) 
in which over 1,400,000 children from 6 to 14 years of age were exam¬ 
ined, it was found that 50 to 75 percent had carious teeth, with an 
average of at least 2 to 3 cavities per child in the worst sections. 

In the remote interiors of east Greenland, where there was little 
contact with outside civilization, it was found {906) that only about 
4.5 percent of the natives had caries. Around a trading station estab¬ 
lished 15 years ago the incidence of caries was about 25 percent, and 
!ieai‘ a station established 45 years ago, 40 to 50 percent of the natives 
had carious teeth. It seems quite evident that dental caries is defi¬ 
nitely favored by certain conditions of modern civilization. 

The elTect of diet on the development of dental tissues and the lia¬ 
bility of such tissues to disease have been studied extensively by Mel- 
lanby and her coworkers. It was found {780) that susceptibility to 
dental caries in man was primarily dependent upon the structure of 
the teeth—the more perfect their structure, the less their liability to 
decay. 

Since the hard structures of teeth consist largely of calcium and 
phosphorus, it is obvious that the building of good tooth structures 
requires adequate supplies of these inorganic elements. Mellanby 
and her coworkers furthermore affirm that an adequate supply of 
vitamin D is of very special importance in the development of sound 
tooth structures and that diets high in cereal content may be con¬ 
ducive to caries unless adequate supplies of vitamin D are provided. 
A deficiency of vitamin A has been reported {781) to cause degenerative 
changes in the dental nerves and may for this reason be partly respon¬ 
sible for dental caries in some cases. Wolbach and Howe {1249) have 
shown that a deficiency of vitamins A and D in the diets of experi¬ 
mental animals causes a disordered calcification of the hard tissues of 
the teeth. 
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Wolbach and Howe {124S) also made some very detailed studies of the 
effects of vitamin C deficiency upon the tooth structures. They 
found that within a very few days after experimental animals were 
deprived of vitamin C the layer of specialized cells between the tooth 
pulp and the hard tissues of their teeth, which is essential for the 
maintenance of the hard tissues, failed to function. The normal func¬ 
tion of this layer of colls could be reestablished by administration of 
vitamin C, but the normal strength of such teeth is presumably never 
fully regained. 

Many authorities are convinced that a sound tooth structure which 
will withstand the ordinary pressures involved in mastication is the 
best possible insurance against mechanical injuries that would render 
the teeth susceptible to decay. In order, then, that good tooth 
structures may develop and be maintained, it is highly important 
that the diet contain adequate quantities of calcium and phosphorus 
and of vitamins A, C, and D. 

Vitamin A is especially important for the proper fonnation of the 
framework of the teeth before any extensive (mlcification takes place. 
Since this framework is being developed in the infant several months 
before birth, the mother should be provided liberally with vitamin A. 
In order that the teeth may continue to develop properly, adequate 
amounts of calcium, phosphorus, and vitamins C and D are very 
important. 

There is some difl'erence of opinion as to whether or not the occur¬ 
rence of dental caries is increased during pregnancy and lactation. 
Many of the observations on the occurrence of caries during pregnancy 
and lactation have not been correlated with the mother’s diet, fre¬ 
quency of childbearing, and general state of health. As a safeguard, 
therefore, the mother should certainly be provided with liberal 
amounts of protective foods, especially calcium, phosphorus, and 
vitamins A, C, and D. 

Certain diseases, notably rickets and prolonged fevers, arc often 
associated with inadequate intake of protective foods and are in con¬ 
sequence predisposing causes of dental caries. 

The widespread use of diets containing large proportions of highly 
refined foods which contribute chiefly starches and sugars may, by 
reason of excluding an adequate intake of protective foods, be a pre¬ 
disposing factor in the prevalence of dental caries in our modern 
civilization. Other factors, such as inherited physical constitution 
and fermentation of carbohydrate food residues around the teeth, 
may be contributory in dental caries. Whatever the causes, the 
results of observations on cliildren are unanimous in showing that an 
improved diet in general increases resistance to tooth decay. 

DIET AND RESISTANCE TO INFECTION 

A normal healthy body possesses remarkable powers of warding off 
or overcoming many infections and of withstanding the ravages of 
disease. 

Marked underweight is usually one of the obvious and very com¬ 
mon signs of undemutrition. The Life Extension Institute gives tlds 
warning with regard to underweight and disease resistance: “Pro¬ 
nounced underweight before the age of 25 is an unfavorable condi- 
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tion, as it is often associated with lack of resistance to pulmonary 
affections and to other diseases of youth”; and again: 

When underweight is associated with a tendency to frequent colds and there is 
a condition of debility, anemia, or general malnutrition, it is, at any age, an un¬ 
favorable symptom, especially if there has been recent loss in weight. Under 
such conditions, dieting should be directed to improving nutrition and inducing a 
gain in weight. 

Certain dietary essentials have from time to time received hopeful 
consideration as special agents which might be effective in combating 
or resisting infections. Vitamin A is one of the most notable of the 
group, so much so that for a time it was frequently referred to as the 
“anti-infective vitamin.” It has already been pointed out that a 
marked deficiency of this vitamin eventually leads to injury of certain 
specialized cells—the epithelial cells—which form protective layers 
for the body surfaces. This change affects, for example, the skin and 
linings of the respiraton" and digestive tracts. As a result of this 
injury the normal function of these cells is lost. Animals deprived of 
vitamin A have been reported to develo]) infections very rapidly. 
The chief function of vitamin A seems to be to keep the boefy surfaces 
(the skin and mucous membranes) healthy so that they form a natural 
and effective barrier between the blood stream and the disease-pro¬ 
ducing organisms of the outer world in contact with them. There is 
no scientific proof that vitamin A is a special agent for combating or 
resisting disease-producing organisms after they have once invaded 
the body. 

These statements do not mean that the use of fish-liver oils, which 
has become rather widespread for both children and adults and is 
especially recommended during the winter months, has no sound 
basis. As a matter of fact, a fish-liver oil rich in vitamin A and vita¬ 
min D should be given regularly to children. Adults whose regular 
diet provides liberal amounts of whole milk, butter, eggs, and leafy 
green and yellow vegetables would probably not be benefited by fur¬ 
ther provision for vitamin A. If, however, the proportions in the 
diet of these food sources of vitamin A are to be limited for any reason, 
the intake of small amounts of fish-liver oil would furnish a measure 
of safety. The fish-liver oil also contains vitamin D, which it is well 
to provide during those seasons when the body has little opportunity 
for the manufacture of this vitamin by means of exposure to sunshine. 

Other dietary essentials are being studied as possible agents in 
increasing resistance to infection, but the results are as yet not con¬ 
clusive. 

It is generally accepted that natui'al resistance to disease—not 
resistance acquired—is dependent upon and varies with the nutri¬ 
tional state of the body. Therefore the best advice that can be given 
regarding diet to one interested in maintaining health and vigor is to 
select food in accordance with such recommendations as those out¬ 
lined in another article in this Yearbook (p. 321) and to eat the proper 
quantities to avoid serious underweight or marked overweight. 



FOOD HABITS, OLD AND NEW 


by Hazel K. Stiebeling* 


THERE are striking examples in various parts of the world of the 
effects of good and had food habits on large groups of people. Food 
habits in the United States have similar effects on the health and the 
physique of Americans. In general, we are probably ahead of most other 
countries nutritionally—yet the dietary picture in the United States 
leaves much to be desired. 


The abundance and variety of man’s food depend upon his control 
over environment. For primitive tribes this meant success in himting 
and fishing, and discovery and discriminatiiig use of roots, leaves, 
fruit, and seeds of wild plants. Later, as animals were domesticatecl 
and agriculture got under way, control over environment came to 
mean good management of crops and flocks. Today for a largje part 
of the population, especially for city dwellers, it has an additional 
meaning—purchasing power, or the ability and the opportunity to 
produce goods or render services that can be exchanged for the varied 
products of agriculture, fisheries, and the food industries. 

EVOLUTION OF FOOD HABITS 

If early man chanced to inliabit a seacoast region, he ate quantities 
of sliellfish and other sea food. If he lived inland where nuts, wild 
roots, and seed-beariiig grasses were abundant, such foods were used. 
No doubt in all localities birds and their eggs and such other animal 
foods as were available were eaten. In the Arctic regions, now as in 
the past, food consists chiefly of animal products, because that is the 
only kind available in quantity. In the Tropics, where vegetable 
food is abundant and anunal foods spoil quickly, plant products are 
and always have been of great importance in the diet. In temperate 
zones many !^ds of food are obtainable, and it seems reasonable to 
suppose that in these regions all classes of food have always been eaten 
as they are today. 

Race experience teaches that man can survive on many types of 
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diet and that he is fitted to be omnivorous—an eater of both plant 
and animal foods. At times he may have fared as a vegetarian: 
“Every herb yielding seed and every tree in which is the fruit of a 
tree yielding seed, to you it shall be for food.” At times he may have 
subsisted on a mixed diet: “Every beast of the earth, every bird of 
the heavens, all the fishes of the sea, every moving thing that liveth 
shall be food for you; as the green herb have I given you all.” 

Choice or selection within the available supply has until recently 
been governed largely by tradition the accumulated wisdom of ages 
of experience. Not all food customs and food taboos had their origin 
in the desire for social welfare, however. At times they reflected the 
power of the strong to gratify personal desire for delicacies or choice 
bits. But there were limits to selfishness. Continuance of family or 
race depends upon having enough food of suitable kinds to permit 
reproduction, the successBil rearing of the young, and the mainte¬ 
nance of enough strength and vitality to escape accident, to win in 
conflict, to endure the elements, and to build bodies fairly resistant 
to disease. Hence diets that were traditional over generations 
possessed at least survival value. 

Some traditional diets are better than others. For example, the 
superiority of diets of northern India over those in the south and 
east of that great country has often been noted. McCay (717y 
found the pastoral peoples of northern India to be superior in health 
and strength to those in other regions. His impressions are said to 
be in line with reports of British Army officers to their Government 
as to the fitness of men from different parts of India for military 
service. McCarrison (7/.^, 712a) compared the response of laboratory 
animals fed upon diets like the milk-and-vegetable food of the 
“stalwart resolute races of the North of India” with those given diets 
representing the food of the “toneless, supine, and poorly developed 
people” of the south and east. The first-mentioned diet included 
whole wheat, milk, legumes, vegetables, and some meat; the latter, 
a large proportion of polished rice, some legumes, vegetables, and 
fruit, but little or no milk and meat. He found that animals sub¬ 
sisting on the latter diet exhibited a large proportion of the maladies 
included in the calendar of human ailments, whereas animals on the 
former diet were remarkably free from ill health. In commenting 
upon these Indian diets, the Department of Physiology of Rowett 
Institute (828) points out that whereas the diets of the northern 
Indian peoples are twice as rich in calcium as the diets of the well-to-do 
Hindu, and eight or nine times as rich as those of the poor Hindu, 
they still are capable of improvement in this respect. 

Differences in the quality of traditional diets arc also indicated in 
reports published by the British Medical Research Council (877) on 
the pliysique and health of two tribes living in Kenya, Africa—the 
Masai and the Akikuyu. 

The diet of the former consisted to a large extent of milk, meat, and raw blood, 
and that of the latter, mainly of cereals, roots and fruits, the bulk of the diet being 

C6T08ils 

Physical measurements showed that the full-grown Masai male is on the average, 
5 inches taller and 23 pounds heavier than the full-grown male Kikuyu, and his 
muscular strength, as determined by the dynamometer, is 50 percent greater. 

^ Italic numbers in parentheses refer to Literature Cited, p. 1076. 
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Marked differences were found in the incidence of disease in the two tribes, bony 
deformities, dental caries, and anaemia, pulmonary conditions, and tropical ulcer 
being much more prevalent amongst the Akikuyu. On the other hand, intestinal 
stasis and rheumatoid arthritis were more common amongst the Masai. 

The chief points of difference reported in chemical composition of 
the two diets were that the diet of the Masai was relatively lugh m 
protem, fat, and calcium, while that of the Akikuyu was high in 
carbohydrate and low in calcium. Although the authors do not con¬ 
tend that diet is the sole cause of differences in health and physique, 
they conclude that improvement in these respects might be brought 
about by increased consumption of green vegetables by both tribes, 
and of milk by the Akikuyu. 

It is generally conceded that compared with those of other countries 
diets m the United States are generous and that the range in variety of 
food products is unusually large. Dietaries now in use in the United 
States combine the many customs and food habits of the various racial 
and national groups that have helped to make up the population. 
Wliile American heritage derives chiefly from northern and western 
Europe, it has been more or less influenced by other groups. The 
American Indian has contributed much. Immigrants from southern 
and middle Europe have also left their mark. In the Southw'est the 
influence of Me.xico and in the far West that of the Orient are evident. 

Improvements in stature and body build among immigrants to the 
United States have been attributed to the better diets obtamable here. 
The second generation of Japanese in Califoniia (936, 1094) anti of 
Europeans in the larger American cities are of larger stature and better 
physique than their parents (697, 736). At the same time, American 
women entermg colleges are found to average more than an inch taller 
than those in the same colleges 30 years ago (I40, 824)- The average 
stature of Harvard men has increased about 2 inches in the last 60 
years (I40, 697). 

TRENDS IN DIETARY HABITS IN THE UNITED STATES 

Present-day diets in the United States differ markedly from the 
diets of a few generations ago. These changes arc due to a number of 
factors. Available food supplies have broadened in scope. Methods 
of cultivation of food crops and of feeding of livestock have improved. 
New methods and incieased facilities for the storage and transporta¬ 
tion of food have been developed. Marked changes have been made 
in the processing and manufacturing of food products. In addition, 
modem facilities for communication, contact with neighbors having 
different cultural backgrounds, travel at home and abroad, the 
printed page, and the radio have all helped to develop an interest in a 
wide variety of food combinations and flavors. Not only are diverse 
tastes tolerated, but in modified form they are widely adopted. As a 
result of these many influences, there have been great changes both in 
the quantities of different kinds of food consumed and in the nature of 
the available food products. 

Few quantitative data are available to show the magnitude of this 
change in diet. Its trend and character are shown by studies of family 
diets made during the last half century. W. O. Atwater, who for so 
long was in charge of the nutrition investigations of the United States 
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Department of Agriculture, was a pioneer in dietary studies in this 
countiy. Between 1885 and 1905, he and his coworkers accumulated 
much information regarding the foods eaten by individuals and groups 
living under many different conditions. Following this work, the 
next most important dietary investigation probably was that of 
Sherman and Gillett, who in 1914-15 obtained detailed and accurate 
information from 92 low-income families, most of whom lived in New 
York City. Since then many dietary studies have been made, some 
in one part of the country, some in another, each adding to our knowl¬ 
edge of American food habits. Two of the most extensive investiga¬ 
tions so far attempted have been made by the Bureau of Home 
Economics. One deals with the content, nutritive value, and economy 
of the food purchased bv families of employed wage earners and clerical 
workers in 43 industrial centers in 8 major geographical regions of the 
country ( 1104 ). ft was based on dietary records obtained during the 
period December 1934 to February' 1937 by the Biireau of Labor 
Statistics in connection with their study of income and disbursements 
of wage-eanier families. The other deals with the food consumption 
of different-sized faniilies living in cities, villages, and on farms in 
different parts of the country, and classified by income. These data 
were obtained in connection with the consumer piirchascs study made 
by the Bureau of Home Economics and the Bureau of Labor Statistics 
in cooperation with the National Resources Committee, Central 
Statistical Board, and Works Progress Administration. 

Clianging dietaiy^ jja t terns can be quickly seen from the proportion 
of calories derived from the major groups of food, as shown in table 1. 
During the period covered by this table families at each of three 
important levels of food expenditure have put decreasing emphasis on 
grain products and meats, and a greater emphasis on fats, sugars, fruit, 
succulent vegetables (other than potatoes and dried legumes), and 
milk. The proportion of calories from milk, cheese, fruits, and succu¬ 
lent vegetables actually has been <loubled in the last 50 years. Larger 
and more varied market supplies have been made possible not only by 
increased production but by a highly developed system of food preser¬ 
vation and distribution. 

About three-fourths of the calories in family diets prevalent in this 
country are derived from grain products, meats, refined fats, sugars, 
and tubers. The nineteenth-century invention of the steel-faced plow 
and the modern roller-mill process of milling wheat greatly stimulated 
cereal production. Cereal grains not only serve directly as food for 
man, but, as feed for animals, they are used to increase the supply of 
meat and fat. Pork production is concentrated largely in the Corn 
Belt, and much of the beef is at least finished (fattened) in the Corn 
Belt, instead of coming to market directly from the western grass 
ranges, as formerly. 

The consumption of sugars and fats is even greater than the figures 
in table 1 indicate, because the sugar and fat columns do not inciude 
the quantities of these foods consumed in the form of commercially 
made baked goods, or the sugar purchased in canned fruits, confec¬ 
tionery, and beverages. There was an increase in the con^mpti^ of 
confectionery and soft drinks in the decade foliowiiig the World War. 
Also to some extent sugar consumption accompanies fruit consump- 



128 YEARBOOK OF AGRICULTURE, 1939 

tion, just as fat and oil consumption tends to accompany increased 
use of vegetables. 


Table 1 . — Trends in vilki^e and urban dietary patterns as shotvn by proportion of calories 
drived from specific groups of food ^ 





Proportion ® 

of calories derived from— 



Food expenditure a per¬ 
son a week > and pe¬ 
riod 

1 

i 

Grain 

prod¬ 

ucts 

Meats,* 

poul¬ 

try, 

fish, 

eggs 

! 

All 
fats * 

Sugars 

and 

sweets 

All 

vege¬ 

tables 

and 

fruit 

Milk, 

cheese 

Milk, 

cheese, 

fruits, 

and 

succu¬ 

lent 

vege¬ 

tables 

1 

Grain prod¬ 
ucts, meats, 
poultry, 
fish, fats 
other than 
butter, 
sugars, po¬ 
tatoes, and 
dried leg¬ 
umes 

Milk, 
cheese, 
all vege¬ 
tables, 
fruit, 
butter, 
and 
eggs 

$1.25-$1.87: 

Per¬ 

cent 

Per¬ 

cent 

Per¬ 

cent 

Per¬ 

cent 

Per¬ 

cent 

Per¬ 

cent 

Per¬ 

cent 

Percent 

Per¬ 

cent 

1885-1904 . 

41 

22 

13 

10 

9 

5 

8 

84 

22 

1905-14.. 

42 

18 

12 

9 

12 

7 

10 

83 

26 

1915-24..,... 

37 

13 

15 

12 

14 

9 

16 

77 

30 

1926-34__ 

37 

12 

16 

11 

13 

11 

17 

78 

29 

1935 and later. 

34 

12 

18 

12 

13 

11 

16 

77 

31 

$1.88-$2.49: 
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34 

25 
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10 
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9 

81 

26 

1905-14..... 

40 

18 

13 

10 

13 

6 

11 

79 

29 

1916-24_ 

36 

15 

15 

12 

13 

9 

15 

75 

32 

1926-34. 

36 

12 

16 

11 

15 

10 

16 

78 

31 

1935 and later. 

31 

13 

18 

12 

15 

11 

18 

74 

34 

$2.60-$3.12: 










1885-1904.. 

38 

24 

12 

10 

10 

6 

9 

83 

24 

1905-14... 

35 

25 

12 

10 

11 

7 

11 

84 

23 

1915-24. 

30 

13 

18 

12 

16 

11 

17 

72 

38 

1925-34. 

32 

15 

16 

11 i 

15 

11 

19 

73 

34 

1936 and later. 

30 

15 

18 

12 1 

14 1 

11 

18 

73 

34 


1 Based on data from family dietary studies, 1885-1937. 

J Adjusted to 1935 price levels by use of retail food-cost index of the U. S. Bureau of Labor Statistics. 

3 The first 6 groups are mutually exclusive and include all articles of diet. The last 3 groups are not mu¬ 
tually exclusive. 

* Salt side and bacon are included with fats. 

SIGNIFICANCE OF RECENT TRENDS IN FOOD HABITS 

In discussing dietaiy patterns of this country McCollum {725) 
writes: 

We have been trying an experiment in human nutrition on a Nation-wide scale, 
with a dietary which is of a kind which no people in history ever tried to live upon 
before. There was no way in which the results of such an experiment could have 
been foretold, for the dietary properties of individual foods were not understood, 
and the nutritive requirements of the body were essentially only half understood. 
It is possible, however, after approximately two generations of experience with a 
diet of the white bread, meat, sugar and potato type, with small, but generally 
inadequate additions of other foods of kinds which are capable of correcting the 
defects of the principal components of the food supply, to attribute certain un¬ 
fortunate effects definitely to an unsatisfactory dietary. All the information avail¬ 
able seems to warrant attributing in great measure the high incidence of mal¬ 
nutrition among children of pre-school and school ages, the faulty bone growth, 
bad teeth and faulty posture, to inadequacies in our national dietary, and to per¬ 
verted appetite resulting from pampering and the formation of a liking for sweet 
foods. 

Forty to fifty years ago more than 80 percent of the food calories 
in American diets were derived from the grains, meats, fats other than 
butter, sugars, potatoes, and mature legumes. The proportion is still 
well over 70 percent, even though consumption of milk, fruits, and the 




















FOOD HABITS, OLD AND NEW 


129 


succulent vegetables- -foods noted for their mineral elements and 
vitamins—has markedly increased. 

During this period also, certain food preferences have developed 
that affect dietary adequacy. A modem standard of fastidiousness 
leads many people to prefer the lean-muscle cuts of meat to the organs 
of animals that race experience had taught primitive peoples to prize 
highly. The association of goodness with richness in fat has induced 
many to prefer cream and butter to skim milk, which, while lacking 
in fat and vitamin A value, is nevertheless as rich as whole milk in 
protein, in the much-needed calcium, and in many other water-soluble 
nutrients. Some food-processing practices, such as a high degree of 
milling of wheat, refining of cane sugar, and bleaching of vegetables, 
have stripped products of certain nutritive values while enhancing 
their keeping qualities in storage and increasing whiteness, which ap¬ 
pears to have strong psychological appeal because it is associated with 
purity. 

Thus certain trends in dietary practices tend to impoverish rather 
than enrich diets from the nutritive standpoint. To a greater or less 
degree these tend to offset the beneficial effect of increased consump¬ 
tion of milk, green-colored vegetables, and fruite. In consequence, 
diets are still relatively short in calcium and in .vitamins A, B, and C. 

Milk, green leafy vegetables, and fruits have long been known as 
“protective foods” because of their ability to compensate for certain 
of the shortages likely to characterize American diets. To bring cur¬ 
rent food habits into line with present knowledge Sherman (1044) 
suggests: 

(1) Let at least half of the needed food calories be taken in the form of the 
“protective” foods—milk and its products, fruits, vegetables, and eggs. 

(2) Of whatever breadstuffs and other cereal or grain products are eaten, let at 
least half be in the “whole grain,” or “dark,” or “unskimmed” forms. 

To put this suggestion into practice would constitute a major shift 
in American food habits. At the present time less than one-third 
rather than half of the food calories tend to come from milk and its 
products, fruits, vegetables, and eggs, and less than a fifth rather 
than half of the breadstuffs are in whole grain or dark forms. 

CHANGES IN NATIONAL DIETARY HABITS 

Shifts in dietary practices tend to evolve slowly. However, signifi¬ 
cant changes took place during the period 1915-24. Many factors 
contributed to this. Among these may be mentioned shifts in relative 
food prices; Nation-wide propaganda during the World War for wheat¬ 
less and meatless days to conserve these foods for military purposes; 
the enactment of prohibition; the dramatic and widely publicized dis¬ 
coveries of the vitamin values of food; and a growing appreciation of 
the significance of food to health. Wliile it takes effort to change long- 
established food habits, under the impetus of a deep urge people will 
modify them if they can afford it. Because people like the foods to 
which they are accustomed and a taste for new or strange flavors or 
new food combinations must usually be cultivated, they will seldom 
take the trouble required to make a change unless there is a strong 
motive. 

Chief among current motives for changing dietary habits are fashion 

141394'’—30 -10 
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and health. In food as in clothing there is a tendency to copy the 
styles set by the accepted leaders in social groups. Such styles may 
or may not be in accord with present knowledge of dietary require¬ 
ments and food values. 

The health motive for changing diet habits would be strengthened 
if obvious manifestations of the effect of diet on nutritional well-being 
followed day-by-day food consumption with dramatic swiftness. One 
reason that this is not the case arises from the ability of the body to 
store certain reserves during periods of plenty to be drawn upon in 
times of dietary poverty. This provision tends to free one from the 
tyranny of exactly meeting the physiological requirements of the body 
from day to day. But it tends to foster a treacherous sense of security 
that whatever regimen seems to have served well enough in the 
immediate past will continue to do so indefinitely. Also it adds to 
the difficulty of convincing the layman that the science of nutrition, 
as Sherman says (1044)i offer to a much larger part of the popu¬ 
lation a longer life, an earlier and longer prime of life, and more buoyant 
health throtigh the whole life cycle such as only the most fortunate 
now enjoy. 

The last half-century has seen much progress in the science of 
nutrition—has seen, indeed, the acquisition of practically all of the 
knowledge we now have. Still more facts are needed, however, before 
food requirements for the liighest physical and mental response can 
be outlined with certainty. This knowledge can be obtained only 
through long-continued, painstaking, and properly planned research. 
Yet enough has already been accomplished to convince many groups 
among the general public of the importance of food to well-being, and 
to enable scientists to mark out the broad lines of advance in applying 
the findings. Widespread improvement in nutrition would result if 
present knowledge, incomplete and far from precise though it is, were 
widely disseminated and put into common practice. 

The discrepancy between current popular diets and the type of diet 
that our present knowledge of foods and nutrition would recommend 
seems to be due to several factors. Chief among these are food habits, 
some old, some comparatively new; a too general lack of appreciation 
of the importance of an adequate diet; and inadequate knowledge of 
food needs and food values in relation to cost. Equally important is 
the lack of purchasing power on the part of many urban families, and, 
especially in the case of rural families, insufficient success in planning 
and carrying out a food-production program designed to complement 
food purchases. 



CAN FOOD HABITS BE CHANGED? 


by Paul E. Howe > 


GETTING a good diet is not always a matter of money. In fact, it 
is more often a matter of changing bad food habits to good ones. Every 
mother as well as every dietitian knows how difficult this is. Here are 
some suggestions on how to accomplish it. No problem in the whole 
held of nutrition is more important. 


Man uses food as a moans of satisfying many emotional needs, 
which are so closely related to his physiological needs that unless they 
are met he fails to get the most from his food. He enjoys and even 
demands variety, not only in foods themselves, but in methods of 
preparing them; he wants foods that appeal to his eyes and his senses 
of taste and smell; he wants to eat in pleasant surroundings. Tra¬ 
ditionally, partakuig of food with other persons has been of such social 
importance that the emotional satisfaction derived from eating has 
often overshadowed the actual physiological needs supplied by food. 
These factors, together with food habits that have been established 
in connection with them, greatly complicate the attainment of an 
adec^uate diet. 

Dietary habits are double-edged. If they are good, they help us to 
resist changes to other, possibly less satisfactoiy, diets. If they are 
bad, they act as a barrier to the adoption of more pitisfactory diets. 

Primitive man was chiefly concenied with securing a sufficient food 
supply. In modem life not only the increased production of food, but 
its manufacture, sale, transportation, distribution, selection, and 
preparation have made a greater variety of foods available and have 
changed the character of many common foods. Present-day facilities 
for travel have tended to break down local food habits and to increase 
the demand for products of distant areas. Scientific research and 
exploration have introduced many interesting and nutritious new 
foods that offer opportunities to add variety and interest to meals. 

The ability to transport foods easily and economically has led to 
marked changes in food habits. It has encouraged the production 
of particular crops in the areas best adapted to grow them. It has 


1 Paul E. Howe is ('hlef, Animal Nutrition Division, Bureau of Animal Industry. 
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enriched the dietary in periods of normal production. In times of 
crop failure in one area, it has made possible the procurement of food 
produced elsewhere. 

The ability to store foods over long periods and to make use of 
manufacturing processes that preserve or increase palatability or 
attractiveness have had similar influences. On the other hand, storage 
and manufacture have created new problems. They have modified 
the nutritive value of natural foods by removing, reducing, or destroy¬ 
ing some of the nutritive factors and concentrating others.. These 
changes in the nutritive value and palatability of foods have iji turn 
created new wants. 

FOODS FURNISH THE ESSENTIAL NUTRIENTS 

The nutritive requirements of man are determined and expressed 
in terms of essential components of foodstuffs such as carbohydrates, 
fats, proteins, vitamins, minerals, and water, or the energy derived 
from some of these components. The necessary quantities of the 
various factors vary with the size, age, and activity of the individual 
and with the external conditions to which he is subjected. In arrang¬ 
ing the diet, however, man usually thinks and plans in terms of actual 
foods—meat, potatoes, milk, salads, for example—rather than of 
essential nutrients. Natural foods usually contain some of all of the 
necessary nutrients, although the amount of a particidar nutrient 
may be so small in a particular food that in ordinary quantities the 
food may scarcely be considered a source of it. 

It is possible to satisfy nutritive requirements from a large variety 
of foods. To meet different individual, groiip, or regional tastes, to 
utilize available foods to the best advantage, and to modify diets 
successfully, it is important to know the more important contributions 
that various foods make to the diet. This has been simplified by 
classifying foods into groups that are siirular in composition or that 
are particularly good sources of some nutrient or nutrients. Thus, 
for example, meats, milk, and ^gs are sources of protein of good 
quality; milk, the leafy vegetables, and dried legumes are sources of 
calcium; the green anrl yellow vegetables and butterfat are sources of 
vitamin A and carotene. Such groupings are discussed in detail in 
the article on Planning for Good Nutrition (p. 321). Using this 
knowledge, it is possible to express nutritive requirements in terms of 
quantities of types or groups of foods. 

This grouping of foods has a further advantage in that it does not 
^ive undue emphasis to any particular food. It permits elasticity 
m selection to meet a variety of conditions and tastes. In the course 
of scientific invest^ation, the discovery of a nutritive factor sometimes 
becomes associated with a particidar food. The application of such 
knowledge often leads to a misunderstanding of the possibilities of the 
use of other foods. It is important, therefore, in presenting informa¬ 
tion on nutrition, to mention more than one source of each nutrient 
factor. 

Fluid milk, for example, is the standard source of calcium. The 
daily consumption of a quart of milk by a child or a pint by an adult 
is an assurance of an adequate calcium intake. But those who do not 
like or cannot get fluid milk may substitute canned or dried milk, 
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cheese^ an extra amount of leafy vegetables, or even calcium salts 
and still meet their daily calcium requirements. 

Carotene, one of the precursors of vitamin A, is chiefly responsible 
for the yellow color of vegetables and milk. But carotene is also 
present m the green leaves of plants, although masked by the green 
color. Any of the yellow or green vegetables, especially the leafy 
vegetables, or the yellow foods derived from animals, may be selected 
as a probable source of vitamin A. 

An example of the value of substituting one food for another for 
economic reasons was shown some years ago by A. F. Hess. At a 
time when lime and lemon juice were the accepted sources of vitamin 
C (the antiscorbutic vitamin), Hess demonstrated the value of tomato 
and potato juice in the treatment of scurvy in Negro children in New 
York. In this way he introduced antiscorbutic foods that were cheap 
and easily obtainable. 

Complications arise in recommending foods as sources of particular 
nutritive factors because variations occur in the composition of 
different varieties of the same product as the result, for example, of 
differences in maturity, climate, and the fertility of the soil. Take, 
for instance, green leaves as a source of carotene, the precursor of 
vitamin A. Carotene is rather abundant in.fresh green leaves, but 
as soon as they are picked the carotene begins to disappear. The loss 
is least under refrigeration and in an oxygen-free atmosphere. Drying 
helps to stop the disintegration, but even the dried leaves lose their 
vitamin potency in time, especially in hot weather. Carotene is 
destroyed in cooking, especially in the presence of oxygen. It is 
not enough, then, to know the carotene content of fresli leaves. It 
must be assumed that a considerable amount of carotene will be 
lost before the leaves are eaten, unless, of course, they are eaten in the 
garden. Even then there would be difficulties, for all leaves of the 
same plant are not equally good sources of carotene. The leaves of 
old-fashioned green garden lettuce may not be so attractive as the 
crisp inner leaves of a tifjht-hoading variety, but these blanched inner 
leaves are not nearly so rich in carotene as those of the looser headed, 
darker green plant. 

Fortunately, not all vitamins are as unstable as vitamin A. It is 
obvious, however, that a sii^le statement of the composition of a food 
is not sufficient and that any analysis of a food as grown may need to 
be mterpreted in the light of changes that may have occurred in it 
during the interval between harvesting and consumption. 

The methods of preservation and purification used to keep foods 
from spoiling or losing quality or to make them more attractive often 
change the composition of the original food. Thus there may be a 
reduction in certain constituents upon drying or cooking, as in the 
case already discussed, or a concentration of carbohydrate such as 
occurs in the manufacture of white flour, refined sugar, and polished 
rice. These changes create special nutritional problems when prod¬ 
ucts of this type form the major part of a diet. The use of polished 
rice is a good example. In polishing rice the outer hiill and the germ, 
which contain vitamin Bi, are removed, leaving the inner starch-rich 
endosperm. People who live largely on polished rice develop the 
nutritional deficiency disease beriberi. This can be corrected by feed- 
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irig the rice polish itself or some other source of vitamin Bj. But once 
polished rice has been used it is very difficult to get people to accept 
iinpolislied or brown rice, in spite of its superior nutritive value. 

Sugar is an example of a manufactured purified product that intro¬ 
duces a nutritional problem, in this case because of its appeal to the 
taste. Sugar is practically pure carbohydrate and nutritionally valu¬ 
able only as a source of energy. It is useful in, adding variety and 
interest to foods, but when taken in excess it dulls the appetite and 
thus restricts the consumption of other necessary foods. 

The use of refined products is not objectionable in itself, but it 
necessitates careful selection of other foods if the diet is to be adequate. 

MENUS AND MEAL PLANS 

A menu may be considered as a plan by which foods are combined 
to make a satisfactory meal. By working out a series of menus a 
variety of foods and an adequate diet can be assured. Menus tend 
to follow patterns and are part of our food habits. Through skillful 
planning of combinations of food, nutritive elements in which the diet 
was previously deficient may be added, often without upsetting an 
accustomed routine. A large part of the success of this method of 
changing food habits lies in maintaining interest in the meals from 
day to day. This is just as true for maintaining good dietary habits 
as for changing poor ones. 

Although the immediate concern will be with the nutritive elements 
in the menu, it is important to remember that many other factors 
enter into the satisfacjbion people obtain froni meals, particularly the 
methods of .service and the surroundings in which food is eaten. 
Interest in food through the menu or meal plan is attained by— 

(1) The use of foods attractive in themselves. 

(2) Changes in methods of preparation of foods. 

(3) Combining the foods in attractive prepared di.shes. 

In the last-mentioned case the attractive characteristics of some foods, 
such as meats and sugars, may be used to add interest to less attractive 
but necessary or useful foods such as the bland cereal grains, certain 
vegetables, or milk. 

It is not enough to provide variety among the meals of one day. It 
is necessary also to prevent the monotony that follows the frequent 
repetition of foods or combinations of foods, or the repetition of the 
same foods at regular intervals. This is evident from the difficulties 
that arise in feeding large groups of persons, as in college dining halls, 
army messes, and correctional institutions, particularly when the cook¬ 
ing is mediocre. Poor cooking and monotonous meals have been 
responsible for many riots. It is a matter of record that Harvard 
College was almost wrecked in its early days because of monotonous 
and inadequate meals. 

In making up a menu for dinner, a housewife who had a good 
knowledge of nutrition might go through a process of thinking some¬ 
thing like this: 

Soup? It's appetizing and not too filling. 

Meat? Yes. No animal protein for the grown-ups so far today. 

Potatoes? Yes. 
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Other vegetables? Broccoli, turnips, beets, or carrots? Make it broccoli and 
carrots—not enough vitamin A so far. 

Salad? Lettuce with cottage cheese and pineapple—more carotene and more 
calcium. 

Dessert? Cottage pudding? No; calcium is still low. Make it pumpkin pie 
and a cup of coffee with cream. 

Now, let's see—we had grapefruit this morning, tomato juice this noon, and 
broccoli, carrots, butter, and salad tonight to provide sufficient vitamins C and A. 
The meat, bread, and cottage cheese, and the peanut-butter sandwiches this 
noon provide plenty of protein. The calcium may be a little low, but pumpkin 
pie has helped and there was skim milk in the bread. The children have had 
milk for breakfast and lunch, so their calcium intake is well taken care of. 

The B factor? We had only white bread, but there were meat, peanut butter, 
cheese, and vegetables to help out. 

There is plenty of iron; and by the time the family fills up on bread and butter 
there will be enough calories. 

Most of us do not go through such an analysis as this. The chances 
are that we leave the planning of meals to someone else. Even the 
housewife may use ready-prepared menus. What training did the 
person who planned the meals have? How well was the planning 
done? If a pattern was followed, was the pattern good? Upon the 
housewife, dietitian, cook, or steward is often thrown the responsi¬ 
bility for inducing us to eat foods that are needed even though we may 
not like them. They are the ones who should be trained in the gen¬ 
eral facts of nutrition. We look to them to plan meals that we can 
enjoy with the assurance that they are adequate as well as appetizing. 

While menus and meal plans are useful in attaining a good diet, 
they often do not provide sufficient evidence by which to judge ade¬ 
quacy. Often diets appear inadequate when judged by the menus 
but are shown to be adequate by analyses of the quantities of foods 
consumed. Conversely, a similar analysis of interesting menus may 
show an insufficient intake of important foods, especially vegetables. 

PSYCHOLOGICAL FACTORS IN FOOD CHOICE 

In adapting food to meals, there are complications that arise because 
of man’s intelligence. In modern civilization, many people have 
gradiially conditioned themselves to expect and demand a much more 
complicated dietary than is needed to satisfy nutritional needs. So 
far as people can afford these habits, they should enjoy them. Enjoy¬ 
ment IS, however, only relative—as soon as new opportunities arise, 
dietary habits may become more elaborate. On the other hand, 
where enjoyment interferes with the acceptance of an adequate 
dietary, the individual is faced with the dilemma of continuing his 
habits or accepting something that appears to him to be less interest¬ 
ing and satisfying. 

Man likes what he is used to, but he also likes a change. On this 
premise it should be possible, under circuinstances in which he is 
faced with the need for a correction in the dietary, to condition him¬ 
self to a new set of habits. 

In any practical attempt to improve nutritional status, therefore, 
use shoultf be made of instincts, appetites, habits, and any other de¬ 
vices to condition him favorably to desirable food choices. Hunger 
and appetite can be made valuable aids hi socurhig the acceptance of 
food. Hunger, which is due to actual contractions of the stomach, 
stimulates the seeking of food. Appetite, on the other hand, is asso- 
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ciated with the presence, or even the memory, of pleasant odors and 
Ilavors of food, and may occur even when the stomach is full. When 
hunger contractions or pangs occur, people show irritability and rest¬ 
lessness, even when the attention is so occupied that the contractions 
are not recognized. When three meals a day are eaten at regular 
hours, hunger contractions are seldom noticed, and when only one or 
two meals a day are eaten a certain amount of indifference to them 
may be built up. Excitement, pain, or anger inliihit hunger and may 
thus create resistance to new foods. Outdoor exercise, physical work, 
or insufficient food stimulate hunger and lower the level of discriinina- 
tion, thus creating a situation favorable to the acceptance of new footls 
that may be utilized when there is need to modify dietary habits. 

People often take food as a result of appetite rather than of hunger. 
Appetite stimulates the flow of digestive juices but is not essential to 
the digestion of food, since once in the stomach, food is equally well 
digested whether it was palatable or not, provided no serious or con¬ 
tinuous emotional disturbances are involved. 

Habit plays an important role in the acceptance as well as the refusal 
of certain foods and thus is usefid in efforts to pi’ovide an adequate 
dietary. Habits are paradoxes. A man will eat the same breakfast 
year in and year out but will rebel if his diiiners or suppers are the 
same, or even if they are repeated at weekly intervals. In New Eng¬ 
land, hot baked beans are or were traditionally Tiecessary for Saturday 
suppers and cold baked beans for Sunday breakfasts. In the South 
boiled beans are often a customary second dish for both dinner and 
supper. In other parts of the country, if beans are served for two 
meals in succession there is likely to be trouble. 

Man is not alone in clinging to habit in the face of change. Animals 
accustomed to a particular ration do not readily change to an un¬ 
familiar diet. For instance, a farmer in Ohio purchased some cattle 
raised in North Dakota that had never been fed coni, and it took him 
some time to teach them to cat com. He reports that one steer never 
did acquire the habit. Animals, however, show a greater willingness 
to consume the food presented to them than does man. They can 
also be taught to expect variety in their diets. 

Modem psychology has shown how many of our actions, including 
attitudes toward food, are the result of conditioning or involuntary 
reactions to stimuli. Poffenberger favorably conditioned a group of 
students to music they did not like by playing it while they ate attrac¬ 
tive meals. Most of us can explain an intense aversion to a particular 
food by its association wdth some painful event, or remember first dis¬ 
covering that we liked a new food when it was eaten on a gala occasion. 
Conscious use of such methods of modifying established habits or creat¬ 
ing acceptance of desirable foods offers a valuable means of improving 
dietary habits. 

The role of instinct in determining the choice of foods is not cer¬ 
tain, but some interesting examples of its effect on choice are reported. 
An experiment with rats, conducted for the purpose of determining 
whether animals search for specific nutrients, indicated that the choice 
of a particular food was the result of a generalized search for food 
and that habit or conditioning played a part in its selection. Under 
experimental conditions, rats have been found to clioose a satisfac- 
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tory diet from 11 relatively pure foods, including protein, carbohy¬ 
drates, fat, certain vitamin-rich foods, and minerals, and to increase 
the consumption of sodium chloride or calcium where additional 
quantities of these elements were needed. Experiments with chicks 
showed that certain of them consistently chose better diets than 
others. 

Man’s instinct or ability to select a satisfactory diet from among a 
number of foods or to modify the diet to meet changes in nutritive 
requirements has also been demonstrated. There is a careful report 
of three young cWldren who were allowed complete freedom of choice 
from among a wide variety of natural foods over a long period of time. 
The diets selected met all their nutritive requirements and resulted in 
excellent growth. 

But these are experimental conditions. Under the normal condi¬ 
tions of everyday life, man’s instinct is so overlaid by conditioning 
that he cannot be trusted to select food with any relation to his 
physiological needs. 

At present sufficient evidence to determine the exact manner in 
which the bodj^ recognizes nutritional deficiencies and determines the 
choice of food is lacking. One suggestion is that nutritional deficits 
cause physiological changes in the bodj^ and that these changes alter 
the taste mechanism and set up a craving for a specific food. 

PROBLEMS IN TEACHING GOOD FOOD HABITS 

A survey of dietary habits indicates that there is still much to be 
done in bringing people to choose or accept a diet that meets the 
energy needs of the body and provides a liberal allowance of all the 
nutrients required. The difficulties involved become evident when 
an attempt is made to change the food habits of persons satisfied 
with a diet that is adequate from the standpoint of euei^y but in- 
adei^uate in other respects; to make drastic changes in the food of 
troops and yet maintain their morale; to attempt to set up a restricted 
though adequate diet for people on relief; or even to solve the problems 
of the housewife who is trying to stay within her food budget and 
still have a well-nourished and satisfied family. In each case the 
major difficulty lies in getting the persons concerned to accept the 
foods that should be used among those that are available. 

The most promising solution of the problem of gettmg people to 
accept an available adequate diet lies in education and trauiing. 
Training must begin with the establishment of good food habits in 
the child, and involves learning to enjoy a simple adequate diet and 
to accept new foods to replace or supplement customary foods. 
Success depends largely on the skill and attitudes of the mother. 
Although education begins at home, it should be carried on also in 
the schools. Information given there reaches back into the home 
and afiects the parents and other members of the family. 

Finally, there are great possibilities for general education for better 
dietary habits, particularly for adults. Here the problem is to insure 
the sound, broad presentation of facts, unbiased and in their proper 
relationships. Many books, bulletins, and pamphlets containing a 
large amount of information about nutrition are available for use in 
the home and school. Radio broadcasts and household publications 
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offer advice and aid in planning meals. Many of these are biased, 
however, and the information should be carefully evaluated before it 
is accepted. Great care must be taken to make sure that material 
to be used in schools is fg-ctuall^ accurate, that it presents completely 
unbiased discussions, and that it promotes no food product exclusively. 

A considerable part of the current popular material about food is 
presented in the form of recipes or suggestions for new ways of utilizing 
foods. This kind of material is very useful in securing the acceptance 
of new foods or the wider use of common foods. Though recipes may 
be of little immediate interest to students of nutrition, they are of real 
value to those who must prepare and serve meals. To be most useful, 
material on the preparation of foods should present facts about the 
place of the foods in the dietary. An example of an excellent service 
of this kind is the mimeographed press release called The Market 
Basket, which the Department of Agriculture has issued weekly for a 
long time. It combines information on the general nutritive require¬ 
ments of the family" with information on seasonable foods and presents 
simple yet attractive methods of preparation. 

As previously mentioned, material that is to be used as a guide 
either in teaching nutrition or in planning dietaries should suggest 
more than one major source of each of the important nutrients. This 
is especially true if the material is to be used by people in all parts of 
the country. 

The average person can hardly expect to keep well infonned about 
all the changes in and additions to knowledge of man’s food require¬ 
ments, but he should realize the extent to which his food habits play 
a part in determining his well-being. He should also realize that these 
habits are not infallible guides, and that a reasonably satisfactory diet 
with an abundant supply of nutrients can be achieved at different 
income levels if one is wiUing to brin^ an open mind to its acceptance. 

Education and training are especially needed for those who are 
responsible for the planning of meals and the preparation and service 
of food. More attention needs to be paid in recipes to the preparation 
of simple inexpensive dishes that utilize in attmctive forms the maxi¬ 
mum of economical foods and the minimum of more expensive foods 
so that physiological requirements may be satisfied without lessening 
enjoyment. 



FOOD FADS. FACTS. AND FANCIES 


by Helen S. Mitchell' 


QUACKS are with us still, and they do a thriving business. Today 
they use a scientific lingo that often sounds almost like the real article. 
Here is an exposition of the ways of the quack, the faddist, and the 
unscrupulous advertiser of food nostrums who prey on a gullible public. 


The medical or food quack is one of the most pernicious influences 
scientific nutrition has to meet. The food quack today uses many of 
the same devices, modernized, that the patent-medicine vendor used a 
generation ago. The quack of former days was so ci’ude in his state¬ 
ments that the modern consumer wonders how people ever could have 
believed such buncombe. Even today there is plenty of flagrant 
chicanery, but the more scientific modem quack or the unscrupulous 
advertiser often couches his remarks in such technical language as to 
inspire false confidence. 

The typical quack food lecturer or pseudo health promoter usually 
has poise, personality, and pemuasion, which assure him of a hearing 
and a goodly number of converts. The lettem usually found after his 
name may represent a fake degree given by a third-rate institution, 
sometimes foundetl for the express purpose of conferring the degree, 
or a bona fide degree given by a reputable institution whose profes¬ 
sional and ethical standards he has long since forsaken. His pseudo¬ 
scientific explanations of nutrition and phjrsiology abound in quota¬ 
tions from authentic sources, sometimes misinterpreted but sometimes 
use<l correctly ftloiig with misleading statements to give the whole an 
air of authority. The insidious mixture of the true and false is always 
more difficult to interpret correctly than the glaringly false. The 
clever quack is well aware of popular interest m science and w'orks 
accordingly. Of all quacks the food-fad promoter is the most prolific 
because he gets the biggest following am his is a profitable business. 
He makes converts faster than scientific knowledge can be broadcast, 
because the scientist is conservative and tries to be accurate, while 
he is quite the opposite. ... j • • ^ 

Be skeptical of mail-order solicitations and cheap advertismg of 
nutrition nostrums or disease cures. Reliable products will find a 
market through ethical channels. Be skeptical of extravagant claims. 

‘ Helen S. Mitchell Is Research Professor in Nutrition, Massachusetts State College. 
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The consumer’s best protection against fraudulent advertising is a 
fundamental knowledge of nutrition obtained from reliable sources. 
Bogert (JSS) ^ has aptly expressed the nutritionist’s attitude toward 
this problem in general: 

The fact is that food fads flourish because people want them. It makes little 
diflFerence to the food faddist whether the particular dietary cult he follows incor¬ 
porates a few grains of truth along with the dross or not; he is attracted to this 
cult because it satisfies some cra%-ing to try a novel dietary, to be in fashion, to 
attract attention by being unusual in diet, or from the desire to do something 
about his health. He mav benefit by the simpler diet, more regular living, and 
especially through the belief that he will be helped, but this proves nothing as to 
the theories on which the cult is based, and the same results might have been more 
painlessly attained by other means. The food faddist represents a psychological 
type and often drifts from one dietary cult to another; as long as we have this type 
of people in such large numbers, diet fads and cults will persist and will be profit¬ 
able to their originators. 

FOOD ADVERTISING 


Ijcgitimate and reliable advertising of food products is of real 
service to tbe public and deserves encouragement on tins basis alone, 
aside from its necessity^ for successful competition in tbe commercial 
field. Tbe intelligent consumer welcomes reliable information but 
should be disgusted with extravagant and untrue statements. Many 
false notions and misapprehensions regarding tbe magic health value 
of certain foods and the mysterious dangers in specific food combina¬ 
tions have been introduced or initiated by unscrupulous advertisers 
or propagandists. 

Health testimonials are an all too common form of food advertising 
and are especially deceptive when given by people unqualified to 
express a scientific opinion. An academic title of Doctor or M. D. 
used in advertisements or testimonials is no assurance of their authori¬ 
tative nature but is an unethical device often used by quacks and 
fakers. It is often implied or stated that a product is approved or 
recommended by physicians, health authorities, nurses, dietitians, or 
hospitals when this is not actually the case. Beware of extravagant 
testimonial endorsements and general health claims. 

Some so-called educational food advertising presents pseudo¬ 
scientific information on the nutritional or physiologic values of foods 
in an artfully misleading and insidiously deceptive manner. Exag¬ 
geration by implication that all the nutntive values reside in a single 
food or undue emphasis on the nutritional or physiologic values of 
any one food is a form of deception. 

The larger and more ethical food companies today are supporting 
scientific research and are putting out valuable educational material 
that is welcomed by teachers of nutrition. But even the best of educa¬ 
tional advertising naturally stresses the products of the company 
concerned. Otherwise it would not pay to advertise. 


SCOPE OF NUTRITION FADS AND FRAUDS 

A recent bulletin entitled “Facts, Fads, and Frauds in Nutrition” 
{soil) classifies and summarizes some of the more popular fads and 
frauds with opinions expressed by recognized authorities concerning 
each. This bulletin helps the layman to answer for himself questions 
regarding e xtravagant and misleading nutritional propaganda. 

• Italic numbers in parentheses refer to Literature Cited, p. 1076 . 
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VAGUE HEALTH CLAIMS 

Both the Food and Drug Administration and the Committee on 
Foods of the American Medical Association have been emphatic in 
condemning the extravagant and misleading use of the terms “health 
foods,” “healthful,” and similar expressions. The same unwarranted 
claims made for patent medicines a few decades ago are made today 
by the manufacturers of “health foods,” Weird concoctions of 
ground alfalfa or dried vegetables, inorganic salts, and flavoring are 
foisted on the public as panaceas for every conceivable ailment, real or 
imaginary. 

The Committee on Foods is explicit in defining the proper use of the 
terms “health,” “healthful,” and “wholesome” {20): 

The term health food and equivalent claims or statements to the effect that a 
food gives or assures health are vague, misinformativc and misleading. An 
adequate or complete diet and the recognized nutritional essentials established 
by the science of nutrition are necessary for health, but health depends on many 
other factors than those provided by such diet or nutritional essentials. No one 
food is essential for health; there are no health foods. Statements of well-estab¬ 
lished nutritional or physiologic values of foods are permissible. 

The term healthful is frequently encountered in food advertising. As used, 
it commonly means that the food described corrects a possible nutritive deficiency 
or some abnormal condition in such a manner as actively to improve health. 
It incorrectly implies that the food possesses unique (or unusual) health-giving 
properties. The term has a popular specific health food significance which 
makes its use in advertising misinformative and misleading. 

Healthful and wholesome by dictionary definition have almost identical mean¬ 
ings; the former, however, intimates an active significance, whereas, the latter 
signifies quality or condition. Wholesome indicates that a food so described is 
sound, clean, fit for consumption, and free of any objectionable qualities; it is 
appropriate for characterizing foods fulfilling these qualifications and should 
replace healthful as used in food advertising. 

Vaeue health claims are frequently accompanied by equally vague 
use of the terms ‘‘balanced'^ or ‘^scientifically balanced^’ foods. No 
one food is expected to be eaten alone, and no one food can insure that 
the diet will become balanced. 

The misuse of the word “energy’’ is also popular along with other 
vague health claims. Most common foods yield chemical energy 
available for use by the human body. The use of this term in defin¬ 
ing the fuel value of a food should not be confused with the popular 
and erroneous use signifying vitality, strength, vigor, or endurance. 
Some perfectly wholesome foods such as cereals have been widely 
advertised as perfectly balanced, health-giving, or energy-producing 
foods. Criticism of such advertising is not a criticism of the food as 
such but of the misleading statements made about it. 

WEIGHT-CONTROL CLAIMS 

Because the question of body weight is of general interest today, 
weight-reducing claims make a popular appeal. There are three 
types of reducing regimes which are or have been popular and should 
be recomized in their true light by the layman. (1) The true 
metabohe stimulants are the most dangerous; (2) the laxative salts 
and drugs are futile if not harmful; (3) the food supplements with 
recommended dietary regimes are usually harmless but may be fraudu¬ 
lent in their therapeutic claims. 

The metabolic stimulants most commonly employed are some form 
of thyroid extract or the drug dinitrophenol. Both are dangerous in 
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the hands of the layman, and the latter has been known to be the 
cause of cataract in several cases. Whether or not the ingredients of 
a proprietary compound are stated on the label, many people do not 
read labels intelligently and dangerous stimidants should not be used 
promiscuously in drug or food preparations. 

Laxative salts and cathartic drugs are often incorporated in so-called 
reducing foods with accompanying claims that weight reduction 
may be accomplished without dietary control. The sudden weight 
reduction is due to loss of water in the stools, not loss of body fat, 
and both the water and the resulting weight will be promptly regained 
as soon as water is consumed. Furthermore, permanent injury to the 
digestive tract may result from such drastic but futile treatment. 

The specific or proprietary food supplements with a recommended 
dietary base their entire success upon the dietary, which in some cases 
is quite satisfactory. The food supplement or concentrate is not 
essential to the reducing program outlined, but the layman is led to 
believe it is. 

Quick aids to gaining weight are not so numerous as the reducing 
products but are equally futile and misleading. Unless food intake 
exceeds daily energy expenditure there can be no surplus for storage 
as body fat.' Tliis physiologic law holds for both the overweight and 
the underweight and should he the basis for evaluating any weight- 
control claims. 

MINERAL AND ALKALIZING FOODS 

There is something mysterious and rather intriguinjj about the 
mineral requirements of the human body. The scientist is seeking to 
solve some of the mysteries, but the quack claims he has solved them 
and proceeds to enlighten tlie gullible layman on the magic powers of 
some mineral food mixture. Some advertisers would lead the reader 
to believe that the average person is suffering from serious mineral 
deficiencies that can be made good only by the proprietary or natural 
food advertised. Smatterings of truth are so intermingled with 
falsehood as to give the claim a semblance of truth. Iron, iodine, 
and calcium, as well as a whole list of other minerals, are featured in 
such propa|;anda. 

Acidosis is always prominent among the dangers listed as resulting 
from mineral deficiencies. The scare method is used in depicting the 
dire consequences of an “acid system" and its widespread occurrence. 
Actually, acidosis is a rather rare condition of the blood; it is not a com¬ 
mon disease or symptom because the normal body has the necessarj^ 
mechanism for disposing of both excess acids and excess alkalies. 
Money spent in treating such imaginary ailments is usually wasted. 
When true acidosis accompanies some other disease it is a problem for 
medical management. 

VITAMIN THERAPY 

Exploitation of vitamin foods has been more common even than 
mineral propaganda. Popular interest in vitamins may be partly the 
cause and p^tly the result of the extensive advertising of vitamins. 
The subject is nutritionally important and deserves attention from the 
consumer to the extent of seeing that the vitamin content of his daily 
diet is adequate. The use of more fruits, vegetables, and whole- 
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grain products is to be encouraged, and the fortification of certain 
foods with vitamin concentrates may be desirable in the case of a 
vitamin that is not widely distributed in nature. A discussion of the 
pros and cons of le^timate vitamin fortification of foods is not in 
place here, but certainly the exploitation of the public with indefinite 
and general vitamin claims is to be discouraged. Such claims mean 
nothing when the specific vitamins and the quantity of each factor 
present are not indicated. For a more detailed discussion of legitimate 
vitamin claims the reader is referred to the bulletin previously men¬ 
tioned { 8 O 4 ). 

FOOD COMBINATIONS 

Several different food-combination fads have been promoted by 
self-styled nutrition experts and endorsed by thousands of unwary 
converts. There is no physiologic foundation for the belief that the 
various constituents in natural foods cannot be digested satisfactorily 
when eaten together at one meal. Rehfuss {95Ji) has given us definite 
proof that proteins and carbohydrates are not incompatible, nor does 
an acid fruit interfere with the digestion of starch. Leporsky {681) 
has demonstrated that a combination of meat and vegetables may 
stimulate a better flow of digestive juices than either food alone. 
None of the dire consequences predicted as a result of eating a so- 
called wrong combination actually materialize in the experience of 
millions who boldly disregard such warnings. Persons who have 
tried one of these new systems of eating and who claim to have been 
helped thereby may unknowingly have made other drastic changes 
in their dietaiy habits. The possible benefit seemingly derived from 
any of these regimes may arise from the fact that the variety of foods 
eaten is an improvement over the previous diet—more fruits and 
vegetables, perhaps—rather than the eating of them in a prescribed 
order or combination. 

For further information on the futility and unscientific nature of 
these food-combination fads, two humorous but reliable discussions of 
the subject are recommended {684, 982). 

Partly digested or predigested foods are also of questionable value, 
because the carbohydrate ingredient is the one usually concerned in 
such proprietary products—the very one least likely to need pre- 
digestmg. Claims regarding aids to digestion or natural digestive 
elements are also unwarranted. 

DIETARY PANACEAS FOR VARIOUS DISEASES 

Indigestion frequently attributed to acid stomach is the quack 
advertising lingo used for a number of digestive remedies or diet 
systems. The stomach is normally acid—necessarily so for adequate 
digestion of food. There is just as likely to be too little as too much 
acid in certain abnormal states, but careful diagnosis and medical 
advice are necessary in such cases. Yet the quack \yho encourages 
self-diagnosis and medication still persists in suggesting the serious 
results of acid stomach and offers “anti-acid,” “rehef of acid stomach,” 
and “cures for acid indigestion.” 

Constipation may frequently be controlled by simple self-medica¬ 
tion and laxative foods, but no attempt will be made here to discuss 
the relative merits or proper use of such remedies. There are certain 
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irinciples that should be understood, however, regarding the so-called 
axative foods on the market. In general they fall into two classes— 
'oods to which a cathartic dnig has been added, and those that pro¬ 
vide cellulose or some other form of bulk. The Food and Drug 
Administration considers phenolphthalein or any other such laxative 
drug as a harmful adulterant when it is used as an ingredient of a 
food. Constipation due to lack of bulk may yield to added roughage, 
but other types of constipation may be aggravated by similar treat¬ 
ment. Thtis no food or form of cellulose can be rightly designated 
as a cure for constipation. 

Diabetes, arthritis, kidney troubles, high blood pressure, and many 
other chronic diseases are listed in quack propaganda as curable by 
some specific food or dietary regime. False hopes of cure lead even 
intelligent persons into futile search for tbe impossible, 

FOOD LEGENDS AND NDTIDNS 

Some harmless and amusing food legends and dietary notions have 
been handed down from generation to generation; otliers appear as 
neighborhood gossip. In one of the best popular food articles of 
recent date (1) the author comments; 

More food notions flourish in the United States than in any other civilized 
country on earth, and nnost of them are wrong. They thrive in the minds of the 
same people who talk about their operations: and like all mythology, they are a 
blend of fear, coincidence, and advertising. 

LEGAL AND EDUCATIONAL ATTACK ON NUTRITION FADS AND 
MISLEADING ADVERTISING 

The new Food, Drug, and Cosmetic Act passed in 1938 is not so 
effective in checking false and misleading advertising as could have 
been desired. It is more effective than the old Food and Drugs Act 
in the control of labeling, it authorizes factory inspection, and it 
provides for certain standards that will weed out some of tbe more 
fraudulent products. But it is still inadequate for prompt action 
against advertising of false or misleading nature. 

Educational attempts to protect the public against false and mis¬ 
leading propaganda are successfid only in part. Much of the informa¬ 
tive material along this line is published in journals or bulletins not 
readily available to the layman. Popular interpretation of scientific 
discovery is apt to be conservative, while the pseudo scientific is 
promoted by the most spectacular devices. The psychological appeal 
of the latter is obviously stronger except to the well-informed person 
who is capable of reading between tbe lines. It therefore behooves 
the consumer to develop a reasonable degree of skepticism as well as 
sales resistance in respect to extravagantly advertised health foods 
and nutrition claims. This skepticism should be based upon a knowl¬ 
edge of fundamental facts, however, because it is all too easy for the 
layman to go to the opposite extreme and doubt everything he reads 
or hears. The Council on Foods of the American Medical Association 
publishes from time to time General Decisions that have been adopted 
for the guidance of the membere and of the public, food manufac¬ 
turers, and advertising agencies. These decisions are revised periodi¬ 
cally as scientific progress warrants and are published in convenient 
booklet form (W) available to the public upon request. 



THE WHITE RAT AS A 
CONTRIBUTOR TO SCIENCE 


by M. H. Friedman > 


A VERY considerable amount of the modern research work on 
nutrition has been done with white rats, though other laboratory animals 
have been used too. The rat, ordinarily the enemy of mankind, has 
been a benefactor in this field at least. The author of this article tells 
why it is used so extensively, and what can and what cannot be learned 
from observing its reactions in the laboratory. 


In one sense the rat has been the object of experimentation ever since 
there were rats. Every man and beast has been an experimental 
animal—the subject of his own experimentation. An experiment is 
merely a trial by the practical test of doing rather than by thinking. 

The thousands and thousands of years of man’s experiments upon 
himself and upon his family have not been fruitless. Through such 
experiments of primitive peoples have come the knowledge of the boon 
of opium in relieving pain, the curative action of quinine in malaria, 
the value of burned sea sponge (rich in iodine) for the alleviation of 
goiter, and the dramatic effectiveness of a brew of pine needles in 
human scurvy. The market women of Corsica recognized the cause 
of the itch (scabies) and liow' to cure it, and then passed on their 
knowledge to the medical profession. Digitalis, the heart medicine, 
came from an old herb woman in Shropshire, England. 

Until recently (the last 300 or 400 years) this method of learning 
by trial and error was practiced only by animals and by the average 
man. It was beneath the attention of the scholars, who were content 
to speculate and ai^ue whether man possessed the same number of 
ribs as the animals, or one less. It did not occur to them to find out 
by looking. 

When scholars did begin to look, the rat was not prominent among 
the objects of their attention. Naturally the first observations were 
concerned with the structure of the body—anatomy. The early 
anatomists were interested in finding out about the structure of the 
human body and the structure of the bodies of the animals they en¬ 
countered in their everyday life. They seized their chances for dissec- 

■ M. n. Friedman is Senior Physiologist, Division of Nutrition and Physiology, Bu. can of Dairy Industry. 
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tion on a recently killed pig, sheep, or dog. Tliey stealthily cut down 
from the gallows some thief or cutthroat. They learned that under 
the skin man and beast are very much alike, and that one animal very 
much resembles any other animal. The contents of the chest and 
abdomen arc the same. The arrangement of the heart, lungs, and 
great vessels is similar. The nerves originate from the brain and 
spinal cord in the same fashion and follow the same general course to 
the same groups of muscles. From system to system, with few minor 
exceptions, the architecture follows the same pattern. 

On the basis of structure, therefore, there was no reason for the 
early investigators to favor any one species of animal over others— 
and they did not. The circulation of the blood was discovered by 
the studies of Harvey (1628) on snakes, fishes, birds, pigs, and dogs. 
He observed the beating heart in the developing egg of the chicken and 
in a prematurely expelled human fetus. An old mare permitted Tlev. 
Stephen Hales, curate of Teddington, England, to make the first meas¬ 
urements of blood pressure (1710). The first secrets of the process of 
digestion were vomited up by the pet hawk of R6aumur, the lawyer 
(17.62), but knowledge of digestion was greatly augmented a few years 
later by the labors of the Abbe Spallanzani, who enlisted the services 
of birds, sheep, oxen, horses, cats, and dogs, not to mention himself. 
An accidental gunshot wound in the abdomen of a young Canadian 
enabled a brilliant Army surgeon, William Beaumont, to make his 
fundamental contribution (182.6) to the physiology of the stomach. 

One of the earliest planned experiments in nutrition was performed 
with sailom of the English Navy as experimental animals. The re¬ 
sults of this experiment (1776) led to the recognition of scurvy as a 
deficiency disease. About 100 years later a similar experiment on 
sailors of the Japanese Navv established beriberi as a dietary disease. 
For the pioneer work in metabolism (the burning and conversion of 
foodstuff in the body) Voit and Bischoff (1860) made their observa¬ 
tions on dogs. 

Thus, through the services of almost every animal the outlines of 
the story of physiologv were unfolded, and through these services it 
became evident that all mammals (warm-blooded animals which suckle 
their young) conduct their life nrocesses in essentially the same way. 
They all take in fuel in the form of carbohydrate, fat, and protein for 
the repair of their tissues and for the mairitemmee of a uniform body 
temperature. In all mammals the body temiierature is about the 
same as it is in man, and from the mouse to the elephant, per unit of 
body_ surface, the rate of fuel combustion to maintain this tempera¬ 
ture is almost identical. Per unit of fuel burned, the amount of oxy¬ 
gen required, and the amount of carbon dioxide given off in the respir¬ 
atory exhaust are the same, and the respiratory mechanism which 
handles these gases is no different in the bat from what it is in tlie 
whale. The heart of a baboon is governed by the same impulses as 
that of man, quickened and slowed by the same nerxmus influences 
and stirred in the same way and by precisely the same mechanisms 
m excitement, fright, pain, and anger. In the region of the Great 
Lakes it was not only the women who wore necklaces of e.xcess thyroid 
tissues before the days of iodized salt. Female rats also had goiters 
as did the dogs, cats, pigs, and even the fish in the streams and lakes’ 
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The active substance in the thyroid gland, which is responsible for 
the dramatic effects on metabolism, growth, and nervous reactions is 
chemically the same in all warm-blooded animals, so that the material 
from the cow's thyroid produces its characteristic action when fed to 
a rat, dog, or man. In fact, from system to system—from the con¬ 
tractions of the bowel to the vibrations of the hearing apparatus— 
the fundamental processes of life are the same. 

Consequently, there is usually no imperative reason why one type 
of animal should be used for the scientist’s observations instead of 
another. Frequently, convenience guides the investigator in his 
choice. For example, most work on the movements of the digestive 
tract is done with dogs, for the dog is not only intelligent but is prob¬ 
ably the most cooperative of all experimental animals. Treated with 
kindliness and consideration, he will quickly learn the routine of an 
experiment. When the investigator swallows a small balloon, he will 
swallow one too, and then lie quietly for hours while records are being 
taken of musctilar movements in the stomach. He will take his place 
alongside of the human volunteers at every step of the experiments. 

There are some instances, however, in which some unusual trait will 
either eliminate one species from consideration or will recommend it 
above all others for a particular type of work. Thus, the guinea pig is too 
stupid to serve in experiments in psychology. The rabbit is a poor 
choice for illustrating the mechanism of walking since its hind end is 
organized for hopping, not walking. The rat will not do for studies 
on the gall bladder—it has.no gall bladder, though the mouse has. 
Neither the rat nor the mouse is able to vomit what it has once 
swallowed, regardless of the stimiilus; hence squill, which only mildly 
affects a dog or cat, is deadly poison to the rat. The hawk, coii- 
trarily, habitually spews up bones, feathers, or anything else too for¬ 
midable for its stomach to digest. It was this trait which enabled 
Reaumur to feed his pet hawk sponges with the full assurance that 
before long the bird would return the sponges well filled with stomach 
secretions for his studies. 

Each species has its virtues and its failings—either of which may be 
a deciding factor in a particular situation. The rat possesses no long 
list of virtues which set it apart from all other animals. Perhaps its 
chief virtue is that it is not different; that in all essentials it is very 
much like man and any other animal, and that it is small. This ques¬ 
tion of size has become an important one in recent years. The 
pioneers in physiology could find answers to their questions by experi¬ 
ments of very short duration, a few minutes, or hours at most. Many 
of the questions confronting the modem investigator can be answered 
only by experiments that cover the entire life of the e.xpeiimental 
animal, or even several successive generations of animals. For such 
long periods of observation the investigator must pay special attention 
to some very practical considerations, all of which are related to size. 

Perhaps the fimt of these practical considerations is that of mainte¬ 
nance under laboratory conditions. This involves the question of 
space. Here the advantage is obviously with the smaller animal, and 
the smaller the better. The elephant is just as docile and gentle as the 
rat, is certainly as intelligent, and can be more easily trained. But it 
would require a national park to house an adequate experimental 
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colony. Several hundred rats can be accommodated in comfort in a 
room not much larger than the ordinarj^ living room, allowing them 
suflicient fresh air and room for exercise. In such quaiders they 
thrive (fig. 1). This would be impossible with such domestic annuals 



Figure L —A family of while rats reared for vitamin assay work with foods in a Bureau 
of Home Economics laboratory. 


as the dog or cat, and even with the rabbit the space requiretl is 
significantly greater. 

With respect to feed also the smaller animal has the distinct advan¬ 
tage. On the basis of present-day prices the yearly cost for the food 
of one rat is under 50 cents. The annual food bill for a rabbit is 



THE WHITE RAT 


149 


about $4.50; for a dog, $15; and for a dairy cow, $75. The appetite 
of the elephant demands about $400 worth of food each year. These 
prices reflect the quratities of foodstuffs consumed and are, of course, 
m terms of inexpensive commercial supplies. In the event that special 
diets are required these differences are greatly magnified. For exam¬ 
ple, a rat eats about 10 grams of food a day (one-third of an ounce), 
15 percent of this being protein. Hence, if an investigator wished to 
study the effects of single amino acids as substitutes for the crude 
protein, he would have to supply about 1.5 grams daily of a suitable 
mixture of amino acids. The present cost of such a mixture of amino 
acids is of the order of $1 per gram, so that in this experiment the cost 
per rat would be about $1.50 each day. For a rabbit the comparable 
figure would be $15 a day. Moreover such an experiment would be 
useless unless the remainder of the diet were composed of chemically 
pure, simple compounds in order to avoid contamination with traces 
of proteins or amino acids in the starches and fats which are required. 
This, of course, would boost the cost still higher. By and large, 
feeding experiments on the rabbit, or on any larger animal, cannot be 
expected to give any more information than the same experiment 
conducted on the rat. The cost of some of the experiments dealing 
with pure substances are almost prohibitive even with the rat as the 
experimental animal,^ and with other animals such experiments are 
quite out of the realm of possibility. 

Also related to the size of the animal is the amount of waste to be 
disposed of. With the smaller animals the problem is simple and 
easily met, but the cost of cleaning up after the larger animals is a 
limiting factor. 

From the standpoint of maintenance and operating costs, therefore, 
it is easy to understand why the smallej’ animals are favored. Yet 
there is an even more compelling reason, and that is the fact that the 
larger animals live too slowly. It is no disadvantage that the horse 
breathes more slowly than the mouse. The investigator can afford to 
wait for the next breath. But it is a distinct disadvantage that the 
larger animals reproduce, mature, and age more slowly. For a study 
of the influence of diet on longevity it is obviously necessary that the 
investigator outlive the experimental animal. Starting at the age of 
30 a young scientist might have a reasonable chance of completing 
one set of experiments upon cats or dogs, but he would be a reckless 
optimist to start such work on any of the larger animals. The odds 
are much better with the rat whose entire life span is only 2 to 3 years. 
Growth and reproduction likewise are on a fast schedule. Under 
laboratory conditions breeding occurs readily throughout the year. 
Pregnancy lasts only 21 days. At birth, the 8 to 12 young in each litter 
are hairless, blind, and deaf. They are as helpless as a newborn babe, 
but in 3 weeks they may be weaned and at the age of 6 weeks most of 
them are sexually mature. With such a pace of life it is not at all 
difficult to make observations on several successive generations of 
animals subjected to the experimental conditions for their entire life 


span 


Even with the guinea pig this is not so easily done. This dumb 


^ In one recent investigation the amino acid reQuirements for maintenance and for very short perils of 
growth were determined on a very small number of rats. The bill for amino acids alone was over $50,000. 



150 


YEARBOOK OF AGRICULTURE, 1939 


little beast breeds the year around, but pregnancy lasts for 65 days, 
there are only one or two young at a time, and they require several 
months to reach sexual maturity. Of all common animals the mouse is 
the only one able to keep pace with the rat in all respects. 

Why" then is the rat favored instead of the mouse? ^ It is not fa¬ 
vored in some lines of work, as in studies on genetics. The ])opularity 
of the rat for other tvpes of work, especially in the field of nutntion, 
is probably something of an accident. As was noted before, the rat 
W8S not the fiist choice of the earliest workers in nutrition. In fact, 
the first demonstration that carbohydrate, fat, protein, and minerals 
were insufficient for the maintenance of life (Lunin, 1881) resulted 
from experiments on mice, not rats. Mice also afforded the oppor¬ 
tunity to demonstrate that the addition of small amounts of fresh 
milk to such a simplified diet would maintain life and permit the 
growth of young animals (Pekelharing, 1905). In the light of our 
present knowledge these two sets of experiments obviously paved the 
way for the discovery of the accessory food factors, later to be known 
as vitamins. 

But these two sets of experiments were published many years apart 
in journals not widely read by scientific men. It so happened that 
F. Gowland Hopkins in England, and Osborne and Mendel, and Mc¬ 
Collum and Davis in this country used rats for their experiments, 
which were all published at about the same time (1912-13) in journals 
wdth a world-wide audience. These three independent publications 
fortified each other in their impact upon the consciousness of the scien¬ 
tific world, and together they made the world aware of the existence 
of vitamins. It was only natural that later workers, bent on confirm¬ 
ing and extending this epochal work, followed as closely as possible 
the conditions stipulated by the original investigators. The use of the 
rat was one of the conditions. 

During the progress of the early work on vitamins, Henry H. Don¬ 
aldson was already at work on his studies on the growth and develop¬ 
ment of the nervous system, and it .so happened that he also chose the 
rat as his experimental animal. As a matter of course the growth of 
the nervous system was compared with the growth and development 
of other body parts. Data were thus secured on the size of every 
body organ at every stage of development, on the water content of 
all parts of the body at all ages, and on the chemical composition of 
the body as a whole and of each of its component parts from birth 
to old age. These data were supplemented by observations on repro¬ 
duction, fertility, and development to maturity and were compared 
with the rapidly accumulating record in the laboratories of McCollum, 
Osborne and Mendel, and others, where the rat was being used for 
nutrition experiments. 

Hence, there became available information about the white rat under 
laboratory conditions such ns e.visted for no other animal. This body 
of data, complete with tables and graphs, was publislied (1915) shortly 
after the appearance of the epochal papers of Hopkins, McCollum and 
Davis, and Osborne and Mendel. Laboratories now had before them 
standards of performance for the albino rat, and through the courtesy 
of Dr. Donaldson’s Wistar Institute in Philadelphia breeding stock of 
his standardized white rat became available to all who desired it. 
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Not all laboratories used this particular strain. In fact, there are now 
in this country four or five chief strains of laboratory rats, each Ixaving 
their individual characteristics as to rate of growth and development, 
as well as mature size. Nevertheless, the contributions of Dr. Donald¬ 
son, coming when they did, gave a tremendous impulse to the rapidly 
growing use of the rat. 

In the intervening years the use of the rat has been extended to 
more and more new lines of work, and there is no reason why this 
should not continue. The rat has served admirably. Though other 
animals might serve just as well in a number of respects, no other 
single animal would serve better. 

However, that is just the difficulty with rat experiments. No 
single species of animal can serve as a trial horse for all living things. 
The rat is, after all, a rat, and possesses its own distinct pliysiological 
individuality just as any other animal does. If we had to depend 
upon the rat as a sole experimental animal, vitamin C would never 
have been discovered. The rat gets along very well without this 
vitamin, being immune to scurvy. On pellagra-producing diets, rats 
do not thrive, but they do not develop typical pellagra. Diets suffi¬ 
ciently low in vitamin E to produce complete sterility in rats support 
normal health and reproduction in rabbits and goats. A percentage 
of cod-liver oil in simplified diets which promotes growth and good 
health in the rat may kill guinea pigs, rabbits, sheep, and goats. 
The rat, like man and dog, goes to sleep under morphine, but cats and 
horses go wild. In its response to pituitrin the rat uterus resembles 
that of the guinea pig and mouse, and differs from that of the rabbit. 
Histamine relaxes the rat uterus, but contracts the uterus of every 
other species. For the maintenance of pregnancy the corpora lutea 
(yellow bodies) of the rat are essential for the entire period of gesta¬ 
tion, just as they are in the mouse and rabbit, yet in the guinea pig, 
monkey, and woman, the corpora lutea can be removed early in 
pregnancy without resulting in abortion. 

It would be possible to recite a great many other characteristics 
that make for the individuality of the rat, just as it would in the case 
of any other animal. This is no argument against further use of 
the rat. Experiments on the laboratory rat may be expected to con¬ 
tinue to yield valuable information in all fields of investigation— 
information likely to be duplicated by similar experiments on most 
other species in most instances. Yet, because of physiological indi¬ 
viduality, we cannot determine the nutritional requirements of 
monkeys by experiments on rats any more than we can determine the 
nutritional requirements of man by experiments on monkeys. We 
simply cannot apply to one species of animal conclusions derived from 
expenments on another. We can, however, use the information 
obtained from rats as a guide to the general jiattem of mammalian 
life. In most instances studies on other animals will show the reac¬ 
tion of the rat to be typical—that is, like that of the majority of 
m a.mma.1s . In other histances, the reaction of the rat will be found 
not to be typical. For specific information about the reaction of 
any particular species of animal it will be necessary to make the 
actum trial on the species in question. The proof of the pudding is 
in the eating, and each animal has to eat his own pudding. 



HUMAN FOOD REQUIREMENTS- 
CARBOHYDRATES, FATS, ENERGY 


SOME of the earliest scientific work in nutrition was concerned with 
discovering the needs of the human body for energy: almost everyone 
remembers the days when nutrition was something that had to do with 
calories. As a result of these years of work, energy requirements have 
been worked out with considerable accuracy for men. women, and chil¬ 
dren of different ages and degrees of activity. Most of our energy supply 
is derived from carbohydrates (sugars and starches) and fats. Here is an 
up-to-date account of the prinei|)al facts known about this subject. 


CARBOHYDRATES 


by Helen S. Mitchell > 


Carbohydrates make up 50 to 60 percent, or more than half, of the 
American diet. Thcyr contribute the cheapest, most easily digested, 
and most quickly available forms of fuel and also indigestible liber or 
residue. The digestible forms are the sugars aiul starches. The so- 
called indigestible carbohytlrates are cellulose, hemicellulose, and 
related compounds. They are only slightly if at all available as fuel 
but may have other physiologic values, particularly in the digestive 
tract.^ 

The properties of the common forms of carbohydrate and their 
specific functions in human nutrition require further study. The 
present concept of the absorption and metabolism of carbohydrates in 
normal and in pathologic subjects presents an intricate but logical 
picture. Chemistry, physics, and physiology have each contributed 
to it, but it is still incomplete in certain details. 


J 8. Mitchell Is Research Professor In Kiitrlllon, Agricultural Esiwlment Station. Massachusetts 

. carWhydrate intent of foods as given in most food analyses is not determined directly but is cal¬ 
culated m that part of the ^tal not accounted for by protein, fat, ash, and water, and Includes both digestible 
f no ad^uate chernlcaf methods for determining total tllgostible car- 

standard procedure for determining total fiber may be used to measure the indigestible 
carbohydrate, or cellulo^, in plant tissup. Chemical methods for determining available carbohydrate in 
wrtain the subject of recent studies. The figures now given for total carbohy- 

^ tobies are definitely misleading, and complete and accurate figures for digestible 
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DIGESTIBLE CARBOHYDRATES 

SUGARS 

Clieinically, carbohydrates are classified in common language as 
single sugars, double sugars, and complex sugars- -technically called 
monosaccharides, disaccharides, and polysaccharides. A monosac¬ 
charide or single sugar is one that cannot be split chemically into two 
or more sugars. A disaccharide can be split chemically into two single 
sugars. A polysaccharide can bo split chemically into more than two 
sugars. 

The single sugars (monosaccharides) require no digestion and are 
readily absorbed from the intestine directly into the blood stream. 
Three single sugars occur in foods or are formed from other carbohy¬ 
drates in the processes of digestion—glucose, fructose, and galactose. 

Glucose, also called <lextrose, is abundant in fruits and vegetables. 
It is also formed from other carbohydrates in digestion. In fact, all 
digestible carbohydrates must be converted to glucose or other single 
sugars before they can be transported by the blood or used by the tis¬ 
sues of the body. 

Fructose (fruit sugar), also called levulose, is found associated with 
glucose in fruits and vegetables and in honey. 

Galactose does not occur naturally in foods. When milk sugar or 
lactose (a disaccharide) is digested, it is broken up mto galactose and 
glucose in the digestive tract. Galactose can be manufactured from 
milk sugar, and it is used for experimental and therapeutic purposes. 
Human tolerance for this sugar is limited by the ability of the liver to 
turn it into glucose. Recently it has been used by the medical pro¬ 
fession to test the functioning of the liver. The rat apparently has a 
low tolerance for galactose, and when this sugar is fed to rats the galac¬ 
tose content of the blood rises and the eyes develop cataracts. Mineral 
and vitamin deficiencies do not seem to influence the metabolism of 
galactose, and massive doses of vitamins do not change it. A de¬ 
ficiency of protein, however, aggravates the injury caused by galactose, 
and rations high in protein show a definite protective effect. Further 
experimental work m feeding galactose to rats may throw more light 
on the metabolism of carbohytlrates. 

The double sugars, or disaccharides, commonly encountered in 
foods are sucrose (cane or beet sugar), maltose (malt sugar), and lac¬ 
tose (milk sugar). Each is broken down by the action of specific 
enzymes in the human intestine to single sugam which can be directly 
absorbed in the blood stream. Each of the three double sugars has 
distinct characteristics of interest in human nutrition. 

Ordinary granulated sugar (sucrose) is one of the sweetest forms of 
sugar and costs the least. Consequently it is consumed in greater 
quantities than all others, in some instances to the detiiment of health, 
because high concentrations of sucrose have an iriitating effect on the 
tissues lining the alimentary tract, and also because they tend to 
satisfy the appetite and thus reduce the consumption of other foods. 
Maltose, or malt sugar, does not occur free in nature but is manu¬ 
factured from starch through the action—called malt digestion of an 
enzyme present in sprouting grain. Maltose is an intermediate 
product in the digestion of starch and is easily utilized by the human 
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body. For this reason it is sometimes used in infant and invalid diets 
where it is desirable to have a soluble form of carbohydrate less sweet 
than granulated sugar. 

Milk sugar, or lactose, is more slowly digested than the other two 
double sugars and when consumed in amounts greater than those 
ordinarily present in milk some of it may not be digested. An un¬ 
digested residue of lactose in the large intestine has a laxative action 
which may be desirable in certain instances but which in excess causes 
diaj’rhea. Lactose is an excellent me<lium for the growth of certain 
useful acid-tolerant types of bacteria and has been used therapeuti¬ 
cally to increase this type of bacterial flora in the large intestine. 

There is experimental evidence that lactose increases the absorption 
or availability of certain forms of calcium. This finding has frequently 
been cited as one explanation for the efficient utilization of calcium 
from milk. A therapeutic application of this principle is being made in 
cases of allergy to milk; lactose is prescribed as an accompaniment of 
the calcium salts sometimes used by those who cannot drink milk. 
There is, however, decided lack of information as to what effect cer¬ 
tain calcium salts may have on the digestion and absorption of the 
sugars. While milk sugar might seem to be the logical form of sugar 
to add to milk for infant feeding, it offers no advantages over less 
expensive types and is imt advised except where a laxative effect is 
desired. Corn sirup, which is practically pure glucose, is wholesome, 
economical, and convenient and is more commonly used in milk 
formulas today than any other sugar. 


STARCHES, GLYCOGEN, AND DEXTRINS 

Starches, glycogen, and dextrins are polysaccharides, carbohvdrates 
of complex composition. The starches, found in grains, vegetables, and 
other plant products, and glycogen, found in liver, require digekion 
to the single-sugar stage before they can be absorbed and utilized by 
the human body. Cooked starch is reduced to maltose by the action 
of saliva, and both raw and cooked starch are reduced by the action 
of the pancreatic juices to maltose. An enzyme, maltase, breaks down 
the maltose to glucose. 

Starch is the form in which carbohydrates are usually stored in 
plants. It is usually found in the plant encased in a cellulose wrapping 
the cell wall, which is more or less resistant to digestion. ’ 

The relative digestibility of starches from different sources has been 
the subject of some debate and apparent misunderstanding. Starches 
from arrowroot, tapioca, and sago were supposed to be more easily 
digested than starches from such grains as corn, wheat, and rice. 
However, while the cooking time and the rate of salivary digestion 
ultimate completeness of the utilization, known as the 
coefficient of digestibility, varies only slightly for starches from 
different sources. Moreover, the conditions under which the food is 
eaten have little influence and individual variation is less than 
generally supposed. 

Glycogen is often called animal starch. It is important because it 
IS the form in which carbohydrate is stored as fuel in the liver and 
muscles of the body. As food, however, it is relatively unimportant 
because of the small amount ordinarily consumed. The factors con- 
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trolling glycogen formation and break-down in the body are the subject 
of much current research in connection with the metabolism of 
carbohydrates. 

Dextrins occur as interaediate products in the process of digestion 
of starches in the body, in malt digestion, or in chemical break-down 
outside the body. They are also manufactured for various commercial 

f iurposes other than food, such as mucilages. The Government is a 
arge user of dextrin made from cassava starch in its manufacture of 
postage stamps. 

INDIGESTIBLE CARBOHYDRATES 

CELLULOSE 

Cellulose and hemicellulose, which together are known as Kber, form 
the framework of the vegetable world. They are the chief constit¬ 
uents of wood, of the stalks and leaves of all plants, and of the outer 
coverings of seeds. Fiber forms the more or less porous walls of plant 
cells in which water, starch, minerals, and other substances are stored, 
much as honey is held in the comb. 

Fiber has little if any food value in the human body, but it is valu¬ 
able for its mechanical effect in the digestive tract. It is usually con¬ 
sidered an indigestible substance, but many individuals apparently 
utilize some of the more tender celluloses from green leaves and young 
shoots. There is no known enzyme in the human intestine that can 
digest cellulose, but bacterial fermentation or disintegration may play 
a role in dissolving the substances which bind together the cellulose 
fibers or particles. The degree of digestibility varies according to 
stage of growth and type of plant. The cellulose of tender shoots may 
disappear completely from the intestinal tract. 

The indigestibility of cellulose is its major asset, since the undigested 
fiber furnishes the bulk necessary for efficient and normal peristaltic 
action (muscular contraction of the intestines). The addition of cellu¬ 
lose to the diet in the form of bran is often suggested in cases of chronic 
constipation due to lack of bulk. Other types of constipation, how¬ 
ever, may be aggravated by bran, which is known to be irritating to 
a particularly sensitive digestive tract. Recent investigations con¬ 
ducted by Cow^ill (237) ® at Yale University and by Rose (984) at Co¬ 
lumbia University have ilemonstrated in a convincing manner that the 
noiinal colon performs better when a reasonable amount of bulk or 
residue is present. Figures were derived from these studies as to the 
amount of cellulose, or indigestible fiber, that a normal person requires 
each day. One-fifth ounce has been suggested as an adequate daily 
allowance, to bo increased or reduced according to individual 
requirements. 

HEMICELLULOSES 

Agar-agar and pectins are hemicelluloses, closely related to cellulose 
but of slightly different chemical structure. They have the ability to 
absorb many times their volume of water, when they become jells. 
Because of this property agar-agar from seaweed has been used thera¬ 
peutically to increase bulk in the intestine to promote the formation 
of a soft stool. 


•Italic numbors In parentheses refer to Literature (""Ited, p. 107fi. 
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The pectins in certain fruits and fruit seeds are responsible for the 
jellying property familiar in jelly making. Chemically these pectins 
are complex compounds of several simple sugar molecules. Commer¬ 
cial pectin, prepared from fruit seeds, is widely used for making jelly 
in the home as well as in the factory. 

The therapeutic value of pectin and pectin products in the treatment 
of diarrheas has only recently been appreciated, although it was sug¬ 
gested by earlier casual observations. Scraped raw apple and apple 
powder have been successfully used in the treatment of infant dysen¬ 
tery when all other measures failed. Of all the possible factors present 
in apple the pectin component seems to be of chief value in the treat¬ 
ment of diarrheas. The effect of poctiti has been attributed to its 
capacity for absorbing toxins or neutralizing harmful compounds pro¬ 
duced by certain bacteria. The colloidal property—the ability to hold 
water in a jell formation—is increased in the presence of sugars. Thus 
pectin tends to remove irritants and provide the bulk which promotes 
normal physiologic peristalsis. 

METABOLISM OF CARBOHYDRATES 

The transportation, storage, mobilization, and oxidation of carbo¬ 
hydrate in the body and the maintenance of a constant blootl-sugar 
level have been subjects of research for many years. The composite 
picture presented today of the mechanisms and control of these various 
stages in carbohydrate metabolism is too intricate to describe here in 
detail. 

Recent work has been concentrated on regidation of oxidation and 
glycogen formation and break-down by the endocrine glands and the 
nerves. An excellent review of recent advances in this field is given 
by Himwich {617). It is apparent that the internal secretions from 
two glands, the anterior pituitary and adrenal cortex, work antago¬ 
nistically to the insulin from another gland, the pancreas. The 
balance of all three of these endocrines, plus some additional influences 
from the central nervous system, is responsible for the normal control 
of carbohydrate metabolism. Thus diabetes may not be a simple 
insulin deficiency but a maladjustment of the several endocrine glands 
involved. Progress has also been made in the forms of insulin avail¬ 
able for therapeutic use. The recognized value of protamine zinc 
insulin, which is slower acting than is the plain insulin, has led to 
further work on rates of action of various other insulin compounds or 
modifications. Studies on the administration of insulin by methods 
other than injection have met with some success, and it is hoped that 
the day may not be far distant when administration of insulin com¬ 
pounds by mouth may become practical. 

It has long been recognized that carbohydrate is the preferred fuel 
for muscular work, but even slight muscular activity involves one of 
the most complex series of chemical reactions in the body. The exact 
sequence of events, the specific compounds involved, and the quick 
transformation of stored-up chemical energy into the active energy of 
work must all be satisfactorily explained by any proposed theory. 
The present concept of the series of chemical reactions which may 
take place during muscular contraction has been adequately reviewed 
by Needham (SS6). Even the chemical steps in the oxidation of a 
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simple sugar to carbon dioxide and water are not thoroughly under¬ 
stood. Carbohydrate-phosphate compound,s the nitrogenous com¬ 
pound creatine occurring in muscle tissue and elsewhere, and several 
organic acids all play roles the precise nature of which is still an 
intricate puzzle challenging some of the best chemists of the day. 
Muscular activity is possible in the absence of oxygen, but lactic 
acid, which is a product of fatigue, accumulates more rapidly, and 
without oxygen, recovery from fatigue is impossible. Rapid breathing 
during and after muscular exertion is the body’s response to the 
increased demand for oxygen. 

INTERRELATIONSHIP OF CARBOHYDRATES AND OTHER NUTRIENTS 

That various other nutritive elements play a part in the metabolism 
of carbohydrates is illustrated by the influence of protein on galactose 
metabolism and that of calcium salts on lactose metabolism, already 
mentioned. Deficiencies of thiamin (vitamin Bi) and riboflavin are 
associated with profound changes in carbohydrate metabolism. One 
worker found that the combined effect of thiamin and riboflavin was 
necessary for the functioning of insulin administered to a dog from 
which the pancreas had been removed and which was maintained on 
a diet free from the vitamin B complex. On the other hand, dogs 
have been kept alive without pancreas for over 4 years on high-calorie, 
high-protein, and high-vitamin diets. How these vitamins function 
is still a question. Other workers have found that sodium salts show 
beneficial effects in the treatment of diabetic children, while potassium 
salts increase glycosuria (excretion of sugar in the urine). These 
interrelationships in the metabolism of various foodstuffs are a 
promising field for further research. 

FATS 

by Jane G. Lease * 

Fat is an important source of energy and contributes flavor and a 
satisfying quality to the diet not obtained from any other food con¬ 
stituent. Weight for weight, it has more than twice the fuel value of 
the other organic food groups—carbohydrate and protein. Thus 
the use of fat tends to decrease the amount of food required to supply 
caloric needs. Tlie feeling of satisfaction associated with fat-contain¬ 
ing foods seems to be due to the slowness of absorption of fats. Thus 
it seems to contribute what has been called staying power to meals. 

As sources of energy, fats aiul carbohydrates are used in varying 
proportions. The amount of fat included in the diet is likely to 
depend to a considerable extent on individual taste and the availa¬ 
bility of fatty foods as well as on energy requirements. ^ It is well to 
bear in mind, however, that fats offer the means of increasing or 
decreasing the total amount of energy in the diet with the least change 
in the volume of food. People who are counting calories in order to 
get thin shoidd reduce fat consumption first, and people who wish to 
put on weight should increase it. 

Fat is one of the first foodstuffs to become scarce during war or 
famine, and some effort has been made to set a minimum requirement 

* Jane G. Lease was formerly Industrial Fellow In ARricullural Chemistry, University of Wisconsin. 
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for use in these .emergencies. Early workers put this requirement 
more or less arbitrarily at 20 grains a day. In the United States, the 
average daily consumption is about three times this amount. Fat 
consumption, in fact, generally increases as the e.xpenditure for food 
rises, probably because of the usefulness of fats in improving the 
texture and flavor of foods. 

Chemically, a fat is a combination of glycerin and one or more of 
certain acids called fatty acids. The properties of the fat vary 
according to the kinds and amounts of the fatty acids it contains. 
There is a wide variety of fats in nature because there are many 
different fatty acids, but live of them- stearic, palmitic, butyrii;, 
oleic, and liiioleic—are most abundantly rejiresented in food fats, 
though a number of other fatty acids are present and may contribute 
desirable flavor and dietetic value to certain fats. 

Fatty acids are called saturated when they contain all the hydrogen 
with which they can combine. Stearic, palmitic, and butyric are 
examples of saturated fatty acids. The fats formed from these fatty 
acids have melting points sufficiently high so that they are soliil at 
ordinary temperatures. Oleic and linoleic are examjdes of unsatu¬ 
rated fatty acids. These will take on more hydrogen under suitable 
conditions. They make fats that are lu(uid at room temjierature- ■ 
that is, oils. Unsaturated fatty acids are less stable than the 
saturated acids. 

SOME FUNCTIONS OF FAT 

Recent research, especially with .small animals, has shown that fat 
does more than serve merely as a source of calories in human nutri¬ 
tion. It is necessary for its own sake, performing certain functions 
essential to health and well-being. For one tiling, it is an imjiortant 
carrier of vitamins. Four of the vitamins. A, I), E, and K, are 
soluble in fat, and some of the fats included in a good (liet are imiiortant 
sources of these vitamins. 

Again, certain types of fat are essential components of the tissue 
cells of the body. This has been known for some time, but it has 
not been easy to determine the efl'ect of the fats in the diet on tissue 
structure. Recent work, esiiecially that of Sinclair {1061) at the Uni¬ 
versity of Rochester, has thrown considerable light on tliis subject, 
and more exact knowledge may be hoped for in the future. 

One other definite function of fats is known. It was discovered 
several years ago that when fat was entirely absent from the diet of 
rats, they developed a characteristic disorder, among the symptoms 
of which were failure to grow and the aiipearance of scaly feet. That 
this could be prevented or cured by including in the diet certain 
unsaturated fatty acids—linoleic or linolenic- was shown by Burr 
and Burr {175) at the University of Minnesota. Lately it has been 
shown that an acid closely related to these, arachidonic acid, is more 
effective than either linoleic or linolenic. It may be that the latter 
two are simply building stones from which the body makes the 
arachidonic acid essential for the well-being of the cells {1154). 

The essential, unsaturated fatty acids are not rare substances but 
occur in common fats used in the diet; lard, for example, is a good 
source of these acids, and most common food fats contain some of 
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them. Even the hardened or so-called hydrogenated fats, which 
have come into common use in recent times—the hard white fats of 
vegetable origin used in cooking—have been shown to contain appre¬ 
ciable amounts of unsaturated fatty acids, although it might be 
expected that after hydrogenation they would no longer be unsatu¬ 
rated. A short stiidy earned out by two Gennan workers, Massatsch 
and Steudel (76S), showed that in man, so far as their studies indicated, 
the hydrogenated fat was utilized as well as natural fat when sub¬ 
stituted for it in the diet for 3 days. There is little basis, however, 
for claims sometimes made that hydrogenated fat is better in human 
nutrition or is more easily digested than natural fats. It was shown 
by Langworthy (66*0) that completeness of digestion is practically the 
same for all fats with melting points below body temperature. 

In general, then, it may be considered that our needs for the essential 
unsaturated fatty acids are met in an ordinary diet and under normal 
conditions, and that we do not need to be concerned with the pos¬ 
sibility of a lack of them. 

RECENT STUDIES ON FAT RELATIONSHIPS 

Several recent experiments suggest that the role of fat in relation 
to other constituents of the diet may prove to be very important. 
Mellanby (778) in England first focused attention on the production of 
rickets by a diet high in cereals aiul low in calcium. He attributed 
an “anticalcifying” action to the cereals—something that prevented 
the proper use of calcium in the body^—because as they were increased 
in proportion to other elements in the diet, the severity of the rickets 
increased. His findings have not been universally confirmed and 
the argument has gone on intennittently for several years, especially 
as to whether the calcium and phosphorus furnished by the experi¬ 
mental diets were in forms available for use by the body. McDougall 
(727) has shown that the inclusion of 11 percent of fat in a high-cereal, 
rickets-producing diet would prevent the development of rickets. 
She believes the fat promotes the absorption of calcium from the 
intestine, on the theory that the fatty aci<ls combine with calcium 
to form calcium soaps, which are readily absorbed. In the absence 
of fat, the calcium unites with phytin—an organic phosphoric-acid 
compound—to form an insoluble salt. The calcium is then not 
available to the body, aiul rickets results. 

The relationship between the requirement for vitamin Bj and the 
amount of fat in the diet has been the subject of much experimenta¬ 
tion and discussion. Some wi)rkers have found fat to have a definite 
vitamin Bi-sparing action— that is, in the presence of fat, less vitamin 
Bi is needed—-whereas others have been unable to note any such 
action. Salmon and Goodman {1001) have ascertained which fate and 
which fatty acid esters have the greatest action in sparing vitamin Bi. 
Testing a number of fats, they found coconut fat to exert the greatest 
sparing action, whereas among the esters, the eight-carbon acid ester 
was the most efficacious. This is not to say that fat can replace 
vitamin Bi in the diet, but apparently it is able to modifv the body’s 
need for it. With the many new methods recently available for the 
determination of vitamin Bi, we may hope to learn more about the 
relationship of fats to it. 
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Schantz, Elvehiem, and Hart {1013) found tlmt they wore nblo to 
sustain rats on a diet of whole milk to which minerals wore added, 
but that when skim milk was usexi instead of whole milk considerabh' 
galactose, a form of sugar, appeared in the urine. Wlien fat was 
supplied in the fonn of butter or several other fats, or when certain 
fatty acids were used, this loss was prevented. Just what role fat 
plays in the metabolism of the siigai's lactose and galactose is still in 
f|uestion. 

Some workers have found an increased utilization of carotene by 
rats when it is administered in fat as comjiared to administration in 
the form of nonfatty vegetable tissue {616')', and workers in In<lia 
{1234) found less excretion of carotene by human beings when fat was 
present in the diet than in its absence. 

Active work is at present going on to establish the role played by 
certain fats and fatty acids in curing a severe skin trouble—a derma¬ 
titis or acrodynia {937, 1000). Tiie question is still open ns to wlietlier 
the lack of these fats is the sole cause of this condition or whether 
some member of the vitamin complex, especially vitamin B^, is 
concerned. The nature of the relationship of fat to many of these* 
situations is in doubt; fat may play a difl'erent part in each case, or 
the reactions noted may represent variations of the same function, 
other phases of which may be found as studies progress. It is certain 
that fat must be regarded as entering actively into and being essential 
for many metabolic processes. 

In view of a possible correlation between the scaly condition of the 
skin of the rat when the essential fatty acids are lacking in the diet 
and eczema in children, of which the exact cause has long been a 
baffling problem, the fats of the blood of normal and of eczematous 
children were studied. Brown and Hansen {161) found that in certain 
eczematous children the amount of unsaturated fatty acids in the 
blood was reduced as compared with tiud in the blood of normal 
children. Furthennore, when the eczema was cured by administra¬ 
tion of oils rich in the unsaturated fatty acids, tlie amount of these 
acids in the blood was increased. Other workers Iiave disputed some 
of these findings and the work is too recent to be taken without 
qualifications, but it is of interest as an indication of the importance 
of dietary fat, which may be elaborated upon in the future. 

ENERGY REQUIREMENTS 

by Nancy B. Morey ‘ 

The body needs fuel to supply energj^ for the work of the internal 
orpns and the maintenance of body heat, which is a bvproduct of 
this mtemal work. Work and play, which might be called external 
activities, also require energy. In both cases the energv must come 
from the bummg, or oxidation, of proteins, fats, and carbohvdrates, 
which occurs in metabolism. Since no known vitamin or salt has 
been found to increase muscular efficiency, it is impossible to substi¬ 
tute quality for quantity in the matter of calories. It takes about 
the same number of calories for a foot-pound of work no matter what 
kind of foo d provides them {973). 

»Nancy B. Morey was formerly Assistant In Home Economics, Cornell l^nlverslty. 
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There is a dilfereiice, however, in the number of calories in a given 
amount of (Ufferent kinds of foods. Fats are the most concentrated 
body fuels, supplying more than twice as many calories as an equal 
weight of proteins or carbohydrates. Carbohydrates and fats are 
completely oxidized when digested and absorbed by the body, but 
protejns are not; energy-bearing residues, or metabolic products, of 
protein are lost, chiefly in the urine but to some extent in the feces. 
When a mixed diet is eaten, some fat, carbohydrate, and protein also 
escape digestion, so that when all possible losses arc considered, the 
energy values to the body, or the physiological fuel values, of 1 gram 
each of protein, of fat, and of carbohydrate become 4, 9, and 4 calories, 
respectively.* 
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The vigorous individual of noriual weight may depend upon appe¬ 
tite to ensure the intake of the needed ainount of calories if there is 
no scarcity of food. However, as people grow older and less active 
they often fail to change their habits of energy consumption, with the 
result that they store the extra calories and grow fatter. It has been 
found by the Life Extension Institute that for best health men and 


• Th*8(> are .Atwater’s fuel-value factors (see p. 169). 
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women above 30 years of age should try to maintain the average 
weight for persons of their height at 30 years, as given in table 1 {786). 
The average American woman below 30 years of age is at present 
inclined to be too thin; it has been found that, up to the age of 30, 
the healthiest women are those who are somewhat above the average 
weight for women of their height. 

DETERMINING ENERGY REQUIREMENTS 

By and large, the number of calories consumed by normal healthy 
individuals is a fairly good guide to their energy needs, and this fact 
is the basis of one of the chief sources of information as to energy 
requirements, the dietary study. Energy reejuirements of human 
beings have been studied in two ways: (1) From the point of view of 
energy intake, or numher of calories furnished by the food habitually 
consumed to supply the energy for daily living; (2) from the point of 
view of energy output, or the amount of energy expended by the 
body in carrying on the various processes which make up the demand 
for energy. 

Information on intake of calories has been furnished by dietary 
studies, in which the energv supply per day is calculated from a 
record of the kinds and amounts of foods consumed by an individual 
or a group over a given period. The question of energy output has 
been answered by calorimetry experiments, which give accurate 
figures for energy expenditures under specific conditions. There are 
various kinds of calorimeters, some more elaborate than others. The 
one used for the most elaborate e.xperiments is an airtight, double- 
walled box, chamber, or small room, large enough for the subject to 
carry on various activities in comfort, with rather complex mecha¬ 
nisms for changing the air, preventing loss of beat in any way, and 
measuring all the heat given off by the subject. In the larger calori¬ 
meters a subject can live for days, receiving service through an opening 
with a tight cap at each end. A simple respiration apparatus can 
also be used for measuring energy output indirectly. In this case, 
the subject breathes through a mouthpiece or nosepiece and the energy 
output IS calculated from the amount of oxygen used and other factors. 

From calorimeter experiments it has been learned that the energy 
expended in simply maintaining the processes of life is fairly constant 
for the same individual from day to day and is very nearly the same 
for persons of the same size, age, and sex. Such a measurement is 
obtained by determining the hourly expenditure of energy in an indi¬ 
vidual lying awake and relaxed, at a comfortable temperature, 12 to 
14 hours after his last meal, and is known as the basal metabolic 
rate. 

VARIATIONS IN REQUIREMENTS 

An individual at about the end of his first year of life has the 
highest energy expenditure per unit of weight that he will ever have. 
After the first year the basal metabolism falls gradually except for a 
slight rise before puberty. During young adulthood it remains fairly 
constant at about 1 calorie per kilogram (2.2 pounds) of body weight 
per hour, but falls again with old age. In general women have a 
slightly lower rate than do men of the same size, probably because 
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of the larger proportion of fat in the woman’s body. Basal metabolism 
is thought to be related to the amount of active cell tissue in the 
body. Some workers point out that the basal metabolism is more 
closely related to surface area than to weight, but in either case the 
same general tendencies are observed. 

Low ten\pcrature (cold) increases metabolism. The taking of food 
also raises energy output, roughly 6 percent. Proteins increase 
metabolism more than do fats and carbohydrates; this is the reason 
for avoiding large quantities of protein-rich foods, such as meat, in 
hot weather. More than anything else, muscular activity increases 
energy expenditure. Every movement that is made means an energy 
expenditure over and above the basal requirement. Sitting up, 
standing, walking, running—each calls for a progressiv'ely greater 
output of energy. The energy required for all sorts of actiVities has 
been measured by many different investigators. From such figures 
as those in table 2 (98S) it is pos.sible to estimate the daily energy 
requirement if the approximate time spent in various activities is 
known. 


Table 2 .—Energy output per kilogram {2,2 poumls) of body Height per hour 
for di fferent activities ^ . 
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1 A<1(1 (5 percent to the estimated reciuireinent to allow for the effect of food. 


From such figures and from weekly records of the time spent in 
the various activities of homemaking by farm women, it has been 
calculated that the average farmer’s wife requires about 2,(i00 calories 
a day. If her w'eight is about 136 pounds, or 62 kilograms, which 
was the average weight of a group of farm women observed in New 
York State, the requirement per day amounts to about 42 calories 
per kilogram, or about 19 calories per pound. This amount agrees 
with the resxdts of the few dietary studies of farm women that are 
available. 

While many studies have been made of the energy intake of the 
farm family as a whole, few have measured the intake of each member 
individualfy. For the active farmer, such evidence as there is sug¬ 
gests a requirement of 3,500-4,000 calories a day. 

Concerning the requirements of city housewives, the WTiter has 
stated elsewhere ( 812 ) that it appears to be true that the energy 
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requirement of farm women is greater than that of housewives in 
towns and cities. Unpublished data of the Bureau of Home ICco- 
nomics, United States Department of Agriculture, show the time 
spent by 692 town and city housewives (college graduates) in different 
activities. In estimating the energy requirement, an average weight 
of 129 pounds (58.5 kilograms) was used for these women. If their 
average daily energy expenditure is calculated »in the same way that 
the energy expenditure of farm women was calculated, it indicates a 
requirement of about 2,300 calories. 

Orr and Leitch (878) estimate that— 

men in employment, making only a modest allowance for non-industrial activities, 
require daily from about 3,000 calories for the clerk and tailor to about 4,700 
calories for the smith and coal miner. 

Women require daily not less than 2,200 calories for the housewife and typist 
and up to probably 3,300 calories for those engaged in heavy industrial work. 
The nursing mother requires from 2,900 to 3,500 calories daily. 

The requirements of adults will be increased by from 300 to over 1,000 calories 
daily by only 2 hours of sport or physical training. 

Children, in addition to the requirements for maintenance and 
activity, need an extra supply of calories for storage in new body 
material as they grow. It has been calcidated that about 75 surplus 
calories a day are required to increase the body weight 2 pounds a 
year. The most reliable information as to children’s total energy 
needs has come from dietaiy studies, for it is difficult to confine the 
activities of childhood in the space necessary for calorimetry studies, 
or to test them by the apparatus required. While the dietary may 
not represent the optimum or ideal in a given case, it may be assumed 
that the supply of calories is sufficient if the child is of normal weight 
and showing normal growth. 

In 1932 the results of all the available dietary studies which had 
ever been made of individual children were summarized by Lydia 
Roberts for the White House Conference on Child Health and Pro¬ 
tection (973). Studies from eight different countries were included, 
covering a period of 50 years, 1882-1932. Many of the recent investi¬ 
gations were made by Roberts and her coworkers (1177). The results 
of these studies have been summarized in table 3 (983). 


Table 3. —Daily calorie requirements of children in terms of age and body weight 


Age (years) 

Calories per kilogram 
for— 

Calories per pound 
for - 

Boys 

Girls 

Boys 

Girls 

1-2_ 

100-90 

100-90 

45-40 

45-40 

3-5-.--__ __ 

90-80 

90-80 

40-36 

40-36 

f)-9_ - - -___- 

80-70 

80-70 

36-32 

36-32 

10-13 _ 

70-60 

70-60 

32-27 

32-27 

14-15_ 

60-55 

50-45 

27-25 

23-20 

16-17.... 

60-55 

45-40 

27-25 

20-18 

18-19. - _ - 

55-.')0 

40-35 

25-23 

18-16 


The energy requirements of underweight children should be cal¬ 
culated on the basis of normal weight for children of their age and 
height. Figures showing normal weights of children of different 
heights and ages, compiled by Baldwin and Wood (58) and accepted 
by the medical profession as being correct, are given in table 4. 
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Table 4. — Baldwin-Wood normal heights and UH>ights for girls and Ixtys 
5 to 18 years of age ^ 

GIRLS’ 


Age 


Height 

5 

years 

6 

years 

7 

years 

8 

>ears 

9 

years 

10 

>ears 

11 

years 

12 

years 

13 

years 

"l4 ' 
years 

” 16 
years 

10 

>ears 

' 17 
years 

18 

years 

Ft(t 

hu'hfif 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

IM. 

Lbs. 

Lbs 

Lbs. 

Lbs. 

Lbs. 

Lbs~ 

Lbs. 

’A 

2 

33 

:43 













3 

3 

34 

34 













3 

4 

30 

36 

30 












3 

5 

37 

37 

37 












3 

(\ 

39 

39 

39 












3 

7 

41 

41 

41 

41 











3 

S 

42 

42 

42 

42 











3 

<) 

45 

45 

45 

45 

45 










3 

10 

47 

47 

47 

4S 

48 










3 

11 

49 

50 

50 

50 

50 

50 









4 

0 

_ 

52 

52 

52 

52 

53 

53 








4 

1 


54 

54 

55 

55 

50 

50 








4 

2 


50 

50 

57 

58 

59 

01 

02 








3 



59 

00 

01 

01 

03 

05 







4 

4 


_ 

03 


04 

04 

05 

07 







4 

5 

_ 


60 

07 

67 

08 

68 

09 

71 






4 

t; 



_ . 

09 

70 

70 

; 71 

71 

73 

i 

i 




4 

7 

_ 



72 

74 

74 

1 74 

75 

77 

78 





i 

s 





76 1 

78 

78 

79 

81 

83 


j 

\ 1 

1 


4 

9 





80 

82 

1 82 

82 1 

84 

88 

92 1 

1 



1 

10 






84 

1 80 

SO 

88 

93 

90 

101 I 



4 

n 





1 

87 

90 

90 

92 

% 

KM) ! 

103 

! 



0 






91 

' 95 

95 

97 

' 101 

105 

108 

109 1 

Ill 

f) 

1 




. . 



' 99 

KKi 

JOl 

1 105 

108 

112 

113 1 

i 110 

5 

2 





. 


. 104 

105 

100 

109 

113 

115 

117 1 

1 118 


3 








no 

110 ^ 

112 

110 

117 i 

119 1 

I 120 

r 

4 








114 

115 

' 117 

119 i 

i 120 ! 

122 1 

1 123 

r, 








1 - 

118 

! 120 

1 121 

122 i 

1 m ; 

125 1 

1 120 

r» 

fi 

— 


. 






' 124 

124 

' 125 1 

1 128 

129 1 

1 130 


7 


- - 







128 

' 130 

i >31 

133 

133 ! 

! 135 

T) 

K 


. - 





j - 1 


131 

133 

1 135 I 

1 136 1 

138 j 

! 138 

f) 

9 


- 







i 

135 

1 137 i 

138 i 

140 1 

142 


10 


— 




1 




‘ 130 

138 j 

140 i 

142 

144 

_ '* 

11 

_ 









138 

110 

142 ' 

144 

145 


BOYS 


3 

2 

34 

34 









■ 




3 

3 

35 

35 













3 

4 

36 

30 













3 

5 

38 

38 

38 












3 

0 

39 

39 

39 

39 











3 


41 

41 

41 

41 











3 

8 

44 

44 

44 

44 











3 

9 

40 

40 

40 

40 

40 










3 

10 

47 

48 

48 

48 

48 










3 

11 

49 

50 

50 

.50 

50 

50 









4 

0 

__ . 

52 

53 

53 

53 

53 









4 

1 


55 

55 

55 

55 

.5,5 

55 








4 

2 


57 

.58 

58 

58 

58 

58 

58 







4 

3 



01 

01 

01 

01 

01 

01 







4 

4 



t)3 

04 

04 

04 

04 

04 

64 






4 

5 



06 

67 

07 

07 

07 

08 

08 






4 

0 




70 

70 

70 

70 

71 

71 

72 





4 

7 




72 

72 

73 

73 

74 

74 

74 





4 

8 


_ 

_ 

75 

70 

77 

i i 

1 i 

78 

78 

80 




4 

9 

_ 

_ 


_ 

79 

SO 

81 

81 

82 

83 

83 




4 

10 

_ 




83 

84 

84 

85 

85 

80 

87 




4 

11 

_ 



_ 


87 

88 

89 

89 

IH) 

9t) 

90 



5 

0 






91 

92 

92 

93 

94 

95 

90 



5 

1 







95 

90 

97 

99 

IOC) 

103 

106 


5 

2 






_n 

100 

101 

102 

103 

104 

107 

111 

no 

5 

3 







105 

100 

107 

108 

no 

113 

118 

123 

5 

4 








109 

111 

113 

115 

117 

121 

126 

5 

5 








114 

117 

118 

120 

122 

127 

131 

5 

0 









119 

122 

125 

128 

132 

136 

5 

7 









124 

128 

130 

1.34 

136 

139 

5 

8 










134 

134 

137 

141 

143 

5 

9 










137 

1 139 

144 

146 

149 

5 

10 







_ 

_ 


143 

! 144 

146 

148 

151 

5 

11 










1 148 

150 

151 

152 

1.54 

0 

0 










1 

153 

1 155 

156 

158 

0 

1 










i 

157 

160 

162 

164 

0 

2 



_ _ 







1 

100 ' 

164 

108 ' 

170 


Weights are Inclusive of regular clothing, except shoes, coats, and sweaters. 
















166 


YEARBOOK OF AGRICULTURE, 1939 


Height-weight averages for boys and girls up to 5 years of a^e (904) 
are presented in table 5 to meet a need long felt by many child spe¬ 
cialists who have found most charts of growth norms for yoimg chil¬ 
dren unsatisfactory on two counts. In the first place, norms such as 
those of Woodbury (1253) and of Baldwin and Baldwin and Wood 
(67, 58) have appeared to be too low for children reared with optimal 
(or at least above the average for the population) medical and home 
care. In the second place, for such children there have been lacking 
adequate normal weight figures for varying heights at given months 
of age through the first 5 years of life. 


Table 5.— Height-u^ight averages for hoys and girls 1 to 60 months of age 



Boys 

(lirls 


Boys 

Girls 

Age 





Age 





(months) 





(months) 






Height 

AYeight 

Height 

Weight 


Height 

Weight 

Ueiitht 

Weight 


Jnchi\s 

Poll ndK 

Inches 

! 

Pounds 


Inches 

Pounds 

Inches 

Pounds 

1__ 

21. T) 

9.3 

21.3 

8.9 1 

12. _ 

30.1 

22.8 

29.4 

21. f 

2... - 

22.9 

11.4 

22. 5 

10.9 ; 

15--.. 

31.3 

24.4 

30.6 

23. 

3 

24. 2 

13.4 

23. 7 

12.7 ' 

18. _ 

32.4 

25.9 

31.8 

24.7 

4_ 

2ff 4 

15.2 

24.7 

14.2 

21 _ 

33.5 

27 4 

.32.9 

26. f 

5.-. 

2f)’. 2 

16.8 

25. 5 

15.6 ; 

24_ . 

34. 5 

28.8 

34.0 

27.*-; 

6__ 

' 27.0 

18.0 

t 26.2 

16.8 

30... 

36.3 

31.4 

35. 8 

29..' 

7_ 

27. r. 

19.0 

26. S 

17.8 , 

36. . 

38.0 

33.7 

37.4 

31.^ 

8. 

28. 1 

19.9 

1 27.4 

18.8 

42.. . .... 

39.6 

36.0 

39.0 

34. ] 

9_ --- 

28.7 

20.7 

28.0 

19.7 , 

48_ 

41.1 

38.0 

40.5 

36.^ 

10.. .... 

29. 2 

! 21..') 

; 28.5 

20.5 

54_ . 

42.5 

! 39.8 

42.0 

38.7 

11. _ 

' 29.7 

22. 1 

29. 0 

21. 2 

60. 

43.9 

' 41.7 

43.4 

40. ^ 


ESTABLISHING STANDARDS ^ 

As knowledge of energy intake and output under various conditions 
has gradually accumulated, standards of energy requirements for 
persons of different ages and occupations have been set up and from 
time to time revised and extended ’until today there is a confusing 
number of such standards from which to choose. 

Besides all the American standards many have been proposed in 
other countries. In an attempt to bring some order out of the chaos, 
the Health Organisation of the League of Nations called a meeting 
of nutrition workers in Rome in 1932. A tentative scale and stand¬ 
ard was proposed there (668) which in comparison with most of the 
American standards seemed alarmingly low. At a more recent meet¬ 
ing of the League’s Technical Commission on Nutrition in Ijondon, 
in 1935, it was pointed out (669) that part of the difficulty in reaching 
agreement was due to the fact that standards were designed for differ¬ 
ent purposes, some to represent minimum requirements, others 
optimum needs. While this is perhaps less true of energy require¬ 
ments than of other dietary essentials, it may explain the low stand¬ 
ards adopted at the first conference. 

At the London meeting, the commission adopted a scale and stand¬ 
ards expressed quite differently from all others: 

Instead of adopting a mean (average] figure representing tlie needs of an adult 
man performing an average but indeterminate output of work, the Committee 


7 The discussion in the following pages is somewhat more technical in character and is Intended primarily 
for students of nutrition and professional workers. 


















HUMAN FOOD REQUIREMENTS — ENERGY 


167 


fixed a basic fiKure representing the requirement for maintenance to which sup¬ 
plements could be added for work, growth, pregnancy and lactation. This 
basic [maintenance] figure represents the need of the average adult male or female 
living an ordinary everyday life in a temperate climate and not engaged in manual 
work. The [maintenance] needs of such an individual are stated to be met by 
2,400 calories net (after deducting waste in cooking and at table) per day { 671 ). 

This, it was pointed out, amounts to about 100 calories per hour. 
No distinction was made between the sexes for individuals of approxi¬ 
mately the same height and weight and in the same age group. As 
the amount of muscular work varies with occupation and number of 
hours, it was suggested that supplements be calculated on an liourly 
basis for the type of work done; 

'J’he following supplements for muscular activity should be added to the basic 
r(‘(juircments: 

T.ight work: up to 75 calories per hour of work. 

Moderate: 75 to 150 calories per hour of work. 

Hard work: 150 to 300 calories per hour of work. 

Very hard work: 300 calories and upwards per hour of work. 

The muscular activities characteristic of every healthy child and adolescent 
necessitate additions to their basic recpiireinents. [See table 6.) It is suggested 
that the activities of children of both sexes from 5 to 11 years be considered 
(‘quivalent to light work, of boys from 11 to 15 years as moderate work, and of 
girls from 11 to 15 upwards as light work. 

According to the commission’s report, the requirements of women 
in pregnancy are to be calculated in the same way as their normal 
requirements, but a nursing woman is given a basic allowance of 1.25 
times the normal requirement, or a total of 3,000 calories, to which 
additional allowances for activity are to be made. 

Babies up to 6 months of age require 100 calories per kilogram of 
weight or 45.4 calories a pound a day; at 0 to 12 months, 90 calories 
a kilogram, or 40.9 calories a pound. 


T.vbi.k b.—Proportion of adult basic requirement and basic number of calories per day 

for children 1 tn 12 yenrs of age 


Age 

(years) 

! 

Coelli- ; 
dent ; 

1. -1 

1 1 

1 ('alorios 

Age 
(years 1 

' ' II 

'elC-C„lorios| 

Age 

(years^ 

('oeffi- 
1 dent 

Calories 

lto2 . 

1 

0.35 

1 

! 840 

il5to7.- 

0.60 

1,440 

11 to 12 

0.90 

1 

j 2, 160 

•2 toil.- - 

.42 

1 1,000 

|! 7 to 

.70 

1,680 

12 anil over 

1.00 

2.400 

3 to 5 _ 

.50 

1,2(X) 

,9 to 11 

.80 

1,020 





In discussing these figures in its 1937 meeting, the Technical Com¬ 
mission states (670 )— 

it is obvious that the ap{)raisal of the muscular activity of a given individual, as 
well as of the energy su])plements involved, is but approximate at best. It is 
impossible to suggest a single set of figures which are inteniationally applicable, 
since the energy requirements of men, of women and of children of different ages 
differ greatly from country to country, and even within one and the same country, 
owing to such factors as differences in the length of the working day, differences 
in the intensity of activity, in average body size, in climate, etc. Therefore the 
(Commission makes no attempt to suggest single figures for the total energy 
requirements of each category of individuals. ..i . <• 

Since, however, such figures arc needed in connection with dietary surveys or 
constructing scales of relative requirements, the energy supplcnients required in 
addition to the basic allowances should be noted by the nutrition experts responsi- 
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ble for the dietary surveys. When the total energy requirements have thus been 
determined, scales of relative requirements can easily be developed, using as 
unity either 2,400 calories, the allowance for a sedentary man, or 3,000 calories, 
the ^lowance for a moderately active man. 

The following schedule may be of use in drawing up such scales. Column I 
contains the Commission's allowances for energy re(|uirements in average basic 
diets. Columns 2 and 3 provide space for the investigator's entry of the average 
number of hours during which the subjects are especially active, and the average 
number of calories per hour needed to support this activity, fn column 4 can 
be entered the total daily allowances. In column 5 or 6, the totals given in col¬ 
umn 4 should be expressed as decimal fractions of the two values of upity—i. e., 
2,400 or 3,000 calorics, respectively. 

The decimal coefficient which is to l^e given in one of these two columns expresses 
the relation of the total ration (column 4) to the value of unity chosen. 

Scales based on either value of unity may be used in appraising the calorie value 
of diets, provided that the value of unity and the scale used are stated along with 
the results. 


Schedules for recording Relative Energy Allowances 



Knergy 
allow¬ 
ance for 

Supplementary al¬ 
lowance for siKJ- 
cial activity 

j 

Total 
energy 
allow¬ 
ance 
in net 
calories * 

Scale of relative 
allowances * 

Individual 

diets 
(without 
w'ork) in 
net calo¬ 
ries 

No. of 
hours of 
special 
a^ivity 

No. of 
calories 
per hour 
of ac¬ 
tivity 

Total, 

2,400 

=1.00 

Total, 
3,000 
= 1.00 


■ - 

2 

3 

4 

5 

I « 

1 

Men (20 to 59 years): 

Sedentary . 

2,400 

2,400 

2,400 

2.400 

2.400 

2.400 

2,400 

2,400 

2,400 

3,000 

2,400 

2,400 

2,160 

1,920 

1,680 

1,440 

2,400 ’ 
2,400 
2,160 

1 





Light work... 

Moderate work 

Hard work. 






Very hard work-. .. . .. 

GO years and over. 






Women: 

Ordinary life... 






Housework.. 






Pregnant -f housework. 






Nursing + housework.. 






Boys: 

Between 15 and 19 vears 






“ 12 “ 15 “ 

- 11 “ 12 “ . ■ ■ 'i 

“ 9 “ 11 “ ... 

“ 7 “ 9 “_ 






“ 5 “ 7 ** 






Girls: 

Between 15 and 19 years 






“ 12 “ 15 “ 

11 “ 12 “ 

** O ^ ^ 11 






11 

“ 7 9 “ 

1,920 

1,680 

1,440 

1,200 
1,000 
840 i 






“ 5 “ 7 . 






Children: 

Between 3 and 5 years 
“ 2 “ 3 “ 






1 II 2 “ .. 

Under 1 year 3. 






. :-1 






1 Computed to nearest 100. 



* Computed to nearest 0.05. 

• To be computed on ba.sis of weight. 


In ordCT to illustrate the way in which the scales should be comnuted the 
ConimisBion cites the following arbitrary example: ^ ' 
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Kner^y 
allow¬ 
ance for 
basic 
diets 
fwithout 
work) in 
net calo¬ 
ries 

.Supplementary al¬ 
lowance for spe¬ 
cial activity 

Total 
onerKy 
allow¬ 
ance 
in net 
calories i 

Sc;de of relative 
allow'ances • 

Indivitliml 

No. of 
hours of 
siiecial 
activity 

No. of 
c^lorip'i 
per hour 
of ac- 
tivity 

Total, 
2,400 
= 1.00 1 

'lotal. 
3,000 
= 1.00 


1 

2 

3 

4 

5 

a 

Man, \v(‘iphinir iibtml 70 kR.. apod 20 to 59 







^ i al 

Sedentary_ 

2,400 

0 


2, 400 

2, 700 

3. 000 

3. fiOO 

4. .500 

1.00 

0.80 

.90 

l.tXi 

1.20 

1.50 

Liphtwork.. 

Moderate wnrk 

Hard work_ 

Very hard work, 

2, 400 

2. 400 

2.400 

2. 400 

8 

8 

8 

7 

35 

75 

150 

31K1 

1.15 
1.25 : 
1..50 
1.90 


1 Computed to nearest lOU. 

* Computed to nearest 0.05. 


Flere, then, are standards and scales summing up present-day 
knowledge of energy requirements and agreed upon by nutrition 
experts from Austria, France. Great Britain, Italy, the Scandinavian 
countries, the Union of Soviet Socialist Republics, and the United 
States. The commission hopes that future studies will be based on 
these scales an<l standards, facilitating comparisons of studies made in 
different countries; but most of all, it hopes that all nations will 
provide for their citizens the full benefits of adequate nutrition as 
summed up in these standards. 

A BRIEF HISTORY OF THE DEVELOPMENT OF FOOD-ENERGY STANDARDS 

Fuel-value factors- the respective energy-producing values of I 
gram of protein, of fat, and of carbohydrate—were first determined 
by the German physiologist. Rubner, in 1884 (991). His factors—4.1. 
9.8, 4.1- took into account only those losses due to incomplete 
oxidation of |)rotein ami were therefore slightly higher than those 
determined by Atwater in 1899. which allowed for all possible losses 
tp. 161). Rubner’s factors are most widely use«l in other countries, 
Atwater’s in this country. 

The first energy standards were based to a large extent upon dietary 
studies which had already been made by the great German scientist. 
Carl Voit, and students m his laboratory before Rubner determined 
the fuel-value factors. The results of some of these studies, stated in 
terms of the number of grams each of protein, fat, and carbohydrate 
contained in the diets, harl been suggested by Voit in 1881 as standard 
requirements for persons of the ages and activities represented. 
Rubner’s work of determining the fuel-value factors, which was 
carried out in Voit’s laboratory and at Voit’s suggestion, made it 
possible to calculate the energy values of the standard diets. The 
energy allowances were found to be 3,055 calories per day for a man 
at “moderately hard work,” 2,426 calories for a woman at ordinary 
work about the house, 2,041 calories for children 15 down to 6 years 
of age, and 767 calories for children under 2 years (.^7). The small 
amount of data on children at that time is indicated by the wide age 
grouping and the lack of data for ages between 2 and 6 years. 
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Soon after the publication of Rubner’s energy factors, an investiga¬ 
tion was begun hi the United States to deterniine the dietary habits 
and energy requirements of laborers. This work w^ started by 
W. O. Atwater, director of the first agricultural experiment station 
established in this country, at Storrs, Conn. Later, as first director 
of the Office of Experiment Stations in the United States Department 
of Agriculture, he encouraged the experiment stations throughout the 
United States to undertake dietary studies. These studies initiated 
by Atwater became the most extensive series of investigations of the 
kmd ever made. Not only did Atwater promote the widespread 
study of American dietaries, but he was also responsible for the building 
of the most technically perfect calorimeter ever devised for the 
measurement of human energy expenditure. Many invaluable 
experiments were carried out in tliis calorinieter. Atwater always 
insisted that investigations into human nutrition shoidd go hand in 
hand with the study of problems of scituitific farniing; he considereil 
the proper nourishment of human beings a logical part of those 
problems. 

Atwater was the first to express energy requirements in terms of a 
scale of coefficients, the unit of which was the energy need of an average 
man at moderately active work. His purpose in expressing energy 
requirements in this way was to make possible the comparison of the 
energy intake of families or groups of persons varying in age and 
activity, for it is much more practicable to measure the quantities of 
foods consumed by a family or group than to measure the amounts 
eaten by each individual in the group. Atwater stated the problem 
thus: 

If ... we could take a particular clas.s, as laborinx ineii at moderate work, and 
find to how many avorag*! men of this class the peoiilc nourished by each dietary 
would be equivalent in their demands for nutrients, we should simply have to 
divide the total quantity of nutrients .sui)plied per day by this equivalent number 
of men to get the quantities per man per day (47). 

As his unit Atwater took the standard proposed by Voit from studies 
of the food consumption of German laborers, 3,055 calories. He 
expressed Voit’s standards for women ami children as fractions of this 
amount: Man at moderate work, 1.0; woman at ordinary work about 
the house, 0.8; child 15 to 6 years, 0.7; child 6 to 2 years (this he inter¬ 
polated from Voit’s figures), 0.5; child under 2 years, 0.25. 

Atwater was astonished to find that the energy values of the diets 
of American workmen were higher than those of German workers, and 
he came to the conclusion that American workers had “the liberal 
nourishment . . . essential to large production, high wages, and the 
highest physical existence” (48, p. 190). On the basis of his studies he 
proposed 3,500 calories a day as the standard energy requirement for 
American workmen. ^ The inadequacy of the energy scale as concerns 
children need not raise doubts as to the accuracy of Atwater’s figures 
for laborers, for the studies upon which these conclusions were based 
were carried out at factory workers’ boarding houses and included 
large numbers of workers with few or no women or children. The 
energy values of these first studies were calcidated by the use of 
Rubner’s energy factors; on the basis of Atwater’s own factors, worked 
out later, the standard became 3,400 calories (49), 
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The fact that the change in standard from 3,055 to 3,500 calories 
automatically raised the allowances made for women and children by 
the original energy scale was never pointed out. This was probably 
becaiise the dietary scales were not used to estimate the needs of 
families or groups at that time, but only to reduce them to a common 
unit for purposes of comparison. For this purpose the standard upon 
which the scale is based is not so imj>ortant as that the same scale be 
used always to measure the man-units in the groups to be compared. 
When a scale is used to estimate the needs of a family, a group, or a 
nation, the standard becomes very important and accuracy in the 
scale is desired. In 1897 it w'as first suggested that the scale might be 
used to estimate needs (50), and in later years this became the chief use 
of dietary scales. 

Atwater’s scale was often enlarged to take account of varying degrees 
of adult activity as studies of persons engaged in different "occupations 
were made. The scale was also revised to take account of the require¬ 
ments of children at closer age intervals. Although few dietary studies 
of American children were made in Atwater’s time, data were available 
from the increasing numbers of studies of German children. Many 
standards and scales have since been proposed both in this country 
and in other countries. Most of them have been based on an “adult 
male unit” of 3,000 calories instead of 3,400 calories as in Atwater’s 
scale. This means that the standard unit has been shifted to allow' 
for a lower degree of activity, not that Atwater’s unit was too high for 
the activities w'hich it represenfed. 

In 1907 Langw'orthy, who had worked w'ith Atw'ater, summarized 
and compared tlie results of all dietary studies made in this country 
and in other countries. He concluded (669): 

The rc.sults ohtaiiicd the world over do not differ markedly from a general 
average of 3,000 calories of energy, and it is fair to say that although footls may 
differ very decidedly, the nutritive value of the diets (as regards energy) ... is 
very much the .same for a like amount of muscidar work. 

It is doubtless because of this statement that later scales in this 
country were generally based on a staiulard unit of 3,000 calories. 

In 1917 Gillett ma<le a thorough survey of all the data on children’s 
energy needs, and suggested allowances for healthy children based on 
these figures (411). Even at that time most of the available data were 
from German studies. Much later—1931—Gillett’s allow'ances w'ere 
e.xpressed in the form of a scale, based on an adult male luiit of 3,000 
calories ( 412 ). 

In 1918, Lusk (702) set up standards and a scale based on 3,000 
calories as the unit for the use of the Interallied Scientific Food Com¬ 
mission during the World War. His figures were based chiefly on 
estimates of cneigy output under different conditions as shown by 
calorimeter studies. 

In 1921, more standards for children were suggested by Holt and 
Falcs (635), basetl upon estimates of the factors which make up the 
demand for food and checked by <lietary studies. , , , .i 

In 1927, Hawley (500) proposed a scale and standards for the use 
of the Bureau of Home Economics. These were based upon a very 
able summary and analysis of existing American scales and stpdards 
and did much to eliminate the confusion which had arisen m their 
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use. She made it quite clear that a scale must always be used in 
conjunction with the standard upon which it is based.^ She found 
that Atwater’s scale had often been used in conjunction with the 
standard adult male unit of 3,000 calories rather than that of 3,400 
calories upon which it was based, with very misleading results. The 
energy unit of Hawley’s scale was 3,000 calories. ^ 

In 1932, Roberts summarized all the results of dietary studies made 
on individual children from 1882 to 1932 (973), To these she added 
many studies of her own. She found that the energy requirements of 
girls were more closely related to their height than to their weight 
and proposed new standards for girls on this basis (1177), but she did 
not state her results in the form of a scale. 

In 1939, as a basis for computing the number of energy requirement 
units to which family ^oups are equivalent, Stiebeling and Phipard 
(1104) suggested calorie allowances for men and women of given 
height and weight at each of four degrees of activity and for children 
at different age levels, as shown in table 7. The fact that a single 
figure is given for a wide age or activiW range indicates the approxi¬ 
mate character of these allowances. On this basis they compute a 
simple energy requirement scale using 3,000 calories, or the allowance 
for a moderately active man of 70 kilograms (154 pounds) body 
weight, as the unit. This scale has been used in all of the recent 
dietaiy studies made by the Bureau of Home Economics in sum¬ 
marizing data from families differing in size and composition. 


Table 7.— Food energy: Suggested daily allowances 


Description of individual 


Sex, age, and activity 


Average height 


Average weight 


Suggested Require- 
i allow- I ment 
' ances | scale 


I 


Men, 20-59 years: >.. . 

Inches ! 
68: 

Centi¬ 

meters 

173 

! 

Pounds 
154 1 

Kilo¬ 

grams 

70 

Moderately active work *__ _ 



1 


Very active work L _ _ . 

I^ifirht work < 

- - - - - . ; 


SedoTitflrv work 5 



Women, 20-59 years: *_ ) 

Moderately active work *_ _| 

Very active work *. ...' 

Light w'ork .. 

64 1 

163 1 

132 

60 





Sedentary work .... 

Boys: , 

16-19 years,. ... . _ 

68 

173 

139 

63 

13-15years,. . _ _ 

63 

160 

111 

50 

11-12years... ... _ _ 

ffl 

145 

82 

37 

9-10 years. . .. . 

53 

135 

68 

31 

7-8 years.. _ .. __ 

49 

125 

55 

25 

4-6years-_. .. 

42 1 

107 

40 

18 

Girls: 

14-19 years . . .. 

64 

163 

121 

55 

11-13 years _ ___ 

58 I 

147 

89 

40 

8-10 years.. . .. __ 

52 

132 

64 

20 

4-7 years...... 

42 

107 

30 

18 

i 13 

10 

Children: 

2-3years.... . 

35 

89 

29 

Under 2 years.... . 

30 

76 

1 

22 


I.i - - ■ 

Net i 

I calories Units 


3,000 

4,500 

2,700 

2,400 

l.OO 

1.50 

.90 

.80 

2,500 

.83 

3,000 

1.00 

2,300 

.77 

2,100 

.70 

3,600 

1.20 

3,000 

1.00 

2,500 

.83 

2,400 

.80 

2,100 

.70 

1,500 

.50 

2,500 

.83 

2,400 

.80 

2,100 

.70 

1,500 

.50 

1,200 

.40 

000 

.30 


* A reduction of about 10 percent was made in calorie allowances for persons between the ages of 60 and 
76, and of about 20 percent for those over 75 years. Some adjustments were also made for persons In each 
group whose height was above or below average. 

* Moderately active work—standing or walking with moderately heavy loads. 

3 Very active work—rapid heavy lifting or pulling with exposure to weather. 

< Light work—seated, with considerable arm or leg movement; or standing and walking with little lifting 
or strain. 

Sedentary work—seated, involving little arm or leg movement. 


































PROTEIN REQUIREMENTS OF MAN 


by D. Breese Jones' 


IF there were any one "secret of life." protein might be considered to be 
at the heart of it. since protein is the essential stuff of which all living 
tissue is made. In animal and human bodies, proteins also enter into the 
chemical structitfe of some of those mysterious hormones that have such 
widespread effects. Proteins, in turn, are made up of simpler substances 
called amino acids, which have been called the actual building stones of 
the body. In this article, the author gives an account of these amino 
acids as they are now understood, in addition to summarizing what is 
known about our protein need.' from the standpoint of quality and 
quantity. 


Satiska(’tou\ nuthition for all aiiiiuals requires that protein be sup¬ 
plied in the diet in sulTicient quantity and that it be of the right kind. 
Protein is primarily the body-building material. It constitutes the 
chemical basis of all living cells, and without it life cannot exist. The 
organic substance of the organs and most of the tissues is made up 
principally of protein substance, and no other substance can take its 
place. ()n the average about 18 percent of the human body consists 
of protein. Hair, nails, skin, and muscle tissue consist almost entirely 
of protein. 

Not only is |)rotein re(iuired for the construction of new body tissues 
during growth from the tiny egg which marks the beginning of life to 
adult development, but there is also a re(piirenient throughout life for 
the renewal and rehabilitation of tissues. Under certain circum¬ 
stances, such as fasting or violent exercise, when the diet docs not 
provide enough fuel material to supply the necessary’ ener^', a draft 
18 made on the body tissues. After wasting diseases there is a special 
requirement for protein food for restoration of lost muscular tissues. 
During pregnancy an additional demand is made for protein material 
to provide for the growth of the developing fetus. u j . 

Proteins can also serve as a source of fuel for maintaining boa\ 

D. BrpcKo J()iic.s Is Principal riicmist. Protein and Nutrition Research Division. B...eau of Agricultural 
< 'hemtatry and Engineering. <73 
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temperature and for muscular work. They have about the same fuel 
value as carbohydrates. The use of protein as a sole source of energv, 
hov/ever, is extremely wasteful and undesirable, both economically 
and physiologically. Fats and carbohydrates are the natural fuel 
foodstuffs. Consisting almost entirely of carbon, hydrogen, and 
oxygen, they burn completely within the body to gaseous products 
which are easily removed by the lungs. But when protein is oxidized 
there remain solid nitrogenous products which must be eliminated by 
the kidneys and liver. Economically, protein is the most expensive 
of the foodstuffs, and its use in the diet should be primarily to furnish 
those nitrogenous constituents that no other foodstuff can supply. 

The function of protein in supplying tissue building and replacing 
material is not its only role in the body. The essential units that 
protein supplies for this work are the ammo acids, and it has recently 
been discovered that these acids or their derivatives are important 
constituents of the substances secreted by various glands. It is now 
quite generally accepted that many of the enzymes and hormones are- 
protein material, or contain amino acid residues as essential parts of 
their structure. These substances do not enter directly into the 
structure of body tissue. The action of each on(‘ is specific, and is 
confined largely to some one particidar task in regulating the many 
physiological activities upon which life and health depend. The 
amount required for performing their individual tasks is extremely 
small, so that in many oases they are present in the body in mere 
traces. 

The digestion of protein is first started in the stomach by the 
action of pepsin, and later completed in the intestines by trypsin, 
erepsin, and other enzymes which are of a protein nature themselves. 
Glutathione, composed of three amino acids, glutamic acid, glycine, 
and cystine, plays a vital part in reactions involving oxygen—oxida¬ 
tion and reduction—within the cells. 

Insulin, a hormone of the pancreas which largely regulates carbo¬ 
hydrate metabolism and controls the level of sugar in the blood, is 
composed almost entirely of nine amino acids. It is now prepared 
commercially and used extensively in the treatment of diabetes. 

Thyroxine, an amino acid containing iodine, secreted by the thyroid 
gland, plays an inyiortant part in physical and mental development, 
and in differentiation as illustrated in the metamorphosis of tadpoles 
into frogs. The normal period required for the transition of tad¬ 
poles into frogs can be greatly shortened by feeding thyroid extract or 
thyroxine. This change may be brought about so prematurely that 
small frogs no larger than a fly often result. Deranged functioning 
of the thyroid may be manifested in a variety of ways. Striking 
examples are myxedema, a disease attended by chilliness, swelling, 
anemia, and mental and physical sluggishness; and cretinism, a con¬ 
dition resulting in dwarfism and idiocy as a result of cessation of 
physical and mental development. When treated with thyroxine 
patients suffering from these diseases tend to develop normally. 

Adrenalin, or epinephrine, a product of the adrenal glands having 
a profound effect on blood pressure, is closely related chemically to 
the amino acid tyrosine. 

There are doubtless many other enzymes and hormones in the body 
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which require for their forniation specific arnino acids that must be 
supplied by the proteins in tlie food. The small quantities in which 
these substances occur do not make much extra demand on the body’s 
requirement for dietary protein, but the demand <!ontinues through¬ 
out life, varying in kind accordinfj to age and circumstances. In the 
event of deficiency of amino acids in the food proteins, the elaboration 
of enzymes and hormones would probably proceed at the expense of 
the break-down of tissue proteins to meet the demand. 

WHAT ARE PROTEINS? 

The great bulk of the nitrogenous coristitnents of foods consists of 
protehi. Protein rarelv, if ever, occurs in natural foods in a pure or 
free state, but is usually combined or associated with other material, 
such as carbohydrate and fat. For this reason proteins are rarely 
determined in foods by quantitative isolation. Since all proteins coii- 
taiji nitrogen within a relatively narrow range, they are estimated on 
the basis of nitrogen content. The percentage of nitrogen found in 
the food multiplied by the factor 6.25 is taken as the percentage of 
protein. This factor was originally used because many proteins, par¬ 
ticularly those of animal origin, contain veiy' close to 16 percent of 
nitrogen. Many vegetable proteins, however, contain considerably 
more nitrogen, some as much as 18 percent or more. The indiscrimi¬ 
nate use of the factor 6.25 consequently will not give in all cases 
strictly accurate figures for the |)rotein content of foods. Protein is 
found naturally in the most nearly pure state in the white of egg, the 
curd of milk, and lean meat. 

Chemically, protein is one of the most complex organic compounds, 
ami its structure has long been and continues to be the subject of 
extensive investigation. Most proteins arc composed almost entirely 
of the elements carbon, hydrogen, nitrogen, oxygen, and sulfur. 
Some also contain phosphorus and a small amount of other elements. 
They are characterized, however, by their nitrogen content. The 
term “protein,” used as a class name to diffeu-ntiate it from other 
suhstances, does not signify an individual compound. In fact, 
there are innumerable proteins differing from one another chemically 
and physically. They may have identically the same percentages 
of carbon, hydrogen, oxygen, nitrogen, and snlfur and still have very 
different properties. 

PROTEINS DIFFER GREATLY IN NUTRITIVE VALUE 

The question of protein recpiirements in nutrition is essentially a 
question of amino acid reciuirements. Not all proteins have the same 
value in meeting the requirements of the body for its specific nitrog¬ 
enous needs. Some proteins are deficient or lacking in certain 
amino acids which are essential for the satisfactory growth and 
tmtrition of the bodv. Such proteins are often referred to as “de¬ 
ficient” or “incomplete” proteins. When these constitute the sole 
source of protein in the diet, animals will not grow or be_ nourished 
properly, irrespective of the amount eaten. Consideration of the 
protein' requirements in nutrition, therefore, involves not only the 
quantity, but also the quality or kind of protein. 

In order to understand clearly how proteins may differ so great > 
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in their nutritive value, their chemical nature will be considered 
briefly. When proteins are digested in the alimentary tract they are 
successively broken down by the action of the different digestive 
enzymes into simpler and simpler fragments until they reach the 
ultimate units composing the protein molecule. These end products 
of protein digestion are the amino acids, of which some 22 or more 
are known. Some of them have been discovered only recently, and 
it is probable that othei-s still remain to be identined. They are 
sometimes referred to as the building stones of which proteins are 
composed. Different proteins vary both in the proportions of these 
amino acids and in the way they are linked together in the molecxde. 

The amino acids, when pure, are white, crystalline sohds. They 
all contain both acidic and basic groups of atoms. In some, the 
acidic and the basic groups balance each other. Such amino acids 
are neutral in reaction and are tasteless. In others, either the acidic 
or the basic group predominates, giving them sour and alkaline 
tastes, respectively. A few amino acids taste sweet. Chemically, 
an acidic group in one amino acid can combine with a basic group m 
another to form a new compound. This in turn can similarly com¬ 
bine with other amino acids, either of the same or of different kind, 
and so on until a huge and complicated protein molecule is formed. 
No one has yet succeeded in synthesizing a true protein, although 
a substance of high molecular weight having many of the properties 
of a protein has been thus prepared. 

After complete digestion of the proteins the amino acids pass through 
the intestinal walls into the blood stream and are distributed through¬ 
out the body to the various tissues, where they are recombined in 
different ways and in different proportiona to form the particular 
kinds of protein required for each tissue. Thus, the body does not 
use the proteins of the food directly for body building, but first 
breaks them down, and from the resulting building stones reconstructs 
new and different proteins to meet the specific requirements of each 
living cell. 

Nature has imposed a peculiar limitation on the ability of the body 
to manufacture its own supply of amino acids. It can produce some, 
but for others it is entirely dependent upon the proteins in the food. 
Each one of the large number of different kinds of proteins which 
enter into the composition of tissue cells requires for its construction 
a different but very definite assortment of amino acids. If only one 
of the amino acids required for the synthesis of a given protein be 
lacking, that particular protein cannot be formed no matter how 
great a surplus there may be of the other amino acids. 

Those amino acids that the animal body cannot manufacture but 
which must be supplied by the food are commonly referred to as 
“nutritionally essential” or “nutritionally indispensable” amino 
acids, and those which can be synthesized within the body, as “nutri¬ 
tionally nonessential” or “nutritionally dispensable.” These terms 
are, however, somewhat misleading. Practically all the 22 known 
amino acids are constituents of the proteins of body tissue. They 
are all, therefore, essential for the construction of body protein, 
irrespective of whether they are supplied by the food or whether 
they have to be manufactured within the body. Glycine, for in- 
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stance, which can be formed within the body, is a constituent of body 
proteins and in that sense is essential for nutrition of the body, but 
it is not essential that it be supplied by the diet. Lysine, on the other 
hand, cannot be synthesized by the body, and it is therefore essential 
that it be supplied by the diet. A preferable way to desip^nate the 
two classes of amino acids would be “dietary dispensable” and 
“dietary nondispensable” or “dietary essential.” 

At present 10 amino acids are reptarded as dietary essential (table 1). 
Young experimental animals will grow satisfactorily for short periods, 
at least, on a diet in which the lO nondispensable amino acids con¬ 
stitute the sole source of nitrogen. When any one of the 10 is witli- 
drawn from the diet, growth ceases or is greatly retarded. There is 
scant information, however, on the important subject of the require¬ 
ments for the protein constituents in nutrition. Further work is 
needed, with observations covering the life span of one or more 
generations. 

Tabi.k l.~Known amino acith and those that must he supplied in the diet 


Amino acids known as hydrolytic products of proteins ' Dietary-essential amino acids 


Alanine 

Histidine 

Methionine 

Thyroxine 

Arginine 

Methionine 

Arginine 

Uydroxyglutauiic acid 

Norlcucine 

Tryptophane' 

Histhline 

Phenylalanine 

Asx)artic acid 

Hydroxyproline 

Phenylalanine 

Tyrosine 

Isoleucine 

Threonine 

Cystine 
Glutamic acid 
Glycine 

Isoleucine 

Prolinc 

Valine 

Leucine 

Tryptophane 

Valine 

lAJUcine 

Dysine 

Serine 

Threonine 


Lysine 

. : 


Until recently, cystine was generally repirded as a dietary-essential 
amino acid. It has lately been shown, however, that methionine can 
replace cystine in the diet although cystine cannot replace methionine. 
This discovery would apparently remove cystine from the list of 
dietary-essential amino acids. On the other hand, it has been long 
known that the proteins of certain legume seeds, notably those of the 
common white bean, are not capable of supporting growth unless 
cystine is added to the diet. These proteins have a very low content 
of cystine, but have ample methionine. Casein is another protein 
having a rather low cystine content (0.3 percent). When fed at a 
level below 12 percent of the total weight of the diet, growth at a 
satisfactory rate will not result unless cystine is added. Like the 
white bean, casein also contains a relatively large amount of methio¬ 
nine. Whether cystine should be regarcled as a dietary-essential 
amino acid or not, it certainly appears to be a limiting factor in the 
nutritive value of a number of proteins. 

Although glycine and alanine are essential constituents of tissue 
proteins, they need not be supplied by the food because they can be 
formed within the body in (juantities sufficient to meet all normal 
needs. They are therefore dietary-dispensable. 

Satisfactory classification of all the amino acicis cannot be made 
until further knowledge has been developeil regarding their properties 
and biological behavior in the living organism. 

In the discussion here of individual members of the group of dietar\ - 
essential amino acids, in connection with their occurrence in food 
proteins, it will be observed that reference is confined chiefly to lysine, 
tryptophane, and cystine. The reason for this is not that these are 
141394®—30-13 
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more important than tlie others, but that fairly accurate values are 
available for the qiiantities in which they occur in most proteins. 
Values for most of the other seven arc very meager and approximate. 
In fact one of them, threonine, was so recently discovered that it has 
been determined only in a very few proteins. Determination of these 
amino acids in food proteins is being held back liecause of lack of 
satisfactory methods of analysis. Here lies a wide and very important 
field for future work. 

From the foregoing considerations it is clear that the nutritional 
value of any food as a source of protein depends primarily on the 
extent to wiiich it can meet the body’s requirements for the dietary- 
essential amino acids. The chief proteins of some of the most im¬ 
portant foodstuffs are incomplete, or deficient in some essential amino 
acid. Zein, which constitutes 40 to 50 percent of the total protein 
content of corn, is lacking in lysine and tryptophane. Young animals 
fed zein as the sole protein in a diet atlequate with respect to, the other 
dietary factors soon lose weight. When tryptophane is added they 
will maintain their weight, but they will not grow until lysine is also 
added. Gliadin, one of the two chief proteins of wheat, is very 
deficient in lysine, and will not support growth at a satisfactory rate 
unless lysine is added to the diet. Cooked phaseolin, the chief pro¬ 
tein of the common white bean, like the jiroteins of other legume seeds 
belonging to the same botanical genus, requires addition of cystine in 
order to make it adequate to support normal growth. Gelatin is a 
conspicuous example of an incomplete protein, known to be lacking or 
deficient in a number of amino acids (valine, isoleucine, histidine, 
cystine, and possibly others). 

DIGESTIBILITY OF PROTEINS 

The nutritive value of a protein may be limited becau.se of another 
consideration than amino acid deficiency. Proteins differ in digesti¬ 
bility. Some protein substances are scarcely acted upon by the 
enzj^mes in the digestive tract. Others may be only partially digested, 
leaving some of the amino acids in chemical combinations that cannot 
be assimilated and utilized for body building. A protein that cannot 
be digested in the alimentary tract to the extent that all its essential 
amino acids are made available for assimilation is in effect of no 
greater value nutritionally than one completely lacking in the amino 
acids that cannot be liberated. 

The proteins of certain legume seeds, including the navy bean, 
lima bean, lentil, and others, are outstanding examples of food proteins 
that have a low nutritive value because of indigestibility. It has been 
pointed out that these proteins are deficient in cystine. When raw, 
even after the necessary addition of cystine, these proteins will not 
support normal growth. Heating for a short period, however, renders 
them digestible and capable of supporting satisfactory growth, after 
supplementation with cystine. 

It is well known that the nutritive value of soybeans is greatly im¬ 
proved by heating, preferably in a moist condition. Analyses show 
that, in contrast with the proteins of the other beans just referred 
to, those of the soybean contain a relatively large quantity of cystine. 
Apparently in the raw state this amino acid is not available for assimi- 
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lation, as shown by the fact that addition of cystine to the raw material 
produces the same beneficial effects as heating does. 

Contrary to prevailing popular belief the whites of eggs are greatly 
irnproved after they have been heated enough to coagtdate the pro¬ 
tein. Not only is raw egg very poorly utilized, but it has definite toxic 
properties when eaten in relatively large quantities. Coagulated egg 
white is readily digestible and is a protein of good nutritive value, 
although somewhat inferior to the proteins of the volk. Moderate 
cooking does not in general significantly impair the nutritive value of 
the proteins of most foodstuffs. In many cases their digestibility is 
improved and the availability of the amino acids increased. High 
temperature shouhl be avoided because of the possible destructive 
effect upon some of the amino acids. Casein, the protein of milk, 
was found to lose much of its growth-promoting value when subjected 
to dry heat for 30 minutes at 140° C. (284° F.), but could be restorecl 
to its preheated value by the addition of lysine. 

SUPPLEMENTARY RELATIONSHIP OF DIFFERENT PROTEINS 

In order to correct amino acid deficiencies in the diet it is not neces- 
saiy to add the re(|uired units in pure form. The same object can be 
accomplished more conveniently and more economically by employing 
proteins which contain the required amino acids. It has long been 
known by those who have studied practical dietetics that mixtures of 
protein foodstuft's are desirable. Foods containing incomplete pro¬ 
teins should be mixed with others which, although they too may be 
incomplete in themselves, will supply the mixture with adecpiate 
amounts of all the essential amino acids. Variety, as the keynote to 
an assurance of adequate diet, applies to proteins as well as to vitamins 
and mineral elements. The principle of supplementation also makes 
possible better utilization of low-priced foodstuffs, which as a class 
have a lower nutritive value. 

Foods of animal origin, particularly meat, eggs, and milk, supply 
proteins of high nutritive value, from the standpoint both of digesti¬ 
bility and of amino acid content. An exception must be made of 
gelatin, which is one of the most incomplete proteins known. Gelatin, 
however, has a wide range of usefulness as a food, and is used exten¬ 
sively for desserts, cold soups, and in many other ways. The protein 
of ordinary muscle meat does not rank quite as high as that of eggs or 
milk. The glandular tissues liver, kidney, and sweetbread (pan¬ 
creas)—contain protein of e.xceptionally high nutritive value. Of all 
natural foods mdk not only comes the nearest to being a balanced 
food, for children particularly, but it contains in readily available 
form 18.7 grams (two-thirds of an ounce) of first-class protein to the 
pint, in addition to minerals, vitamins, carbohydrates, and fats. 
Animal proteins have a high content of dietary-essential amino acids 
which makes them very effective in supplementing many vegetable 
proteins. Nuts contain high percentages of proteins which have an 
adequate assortment of amino acids. 

Cereals and legume seeds furnish some of the best-known examines 
of incomplete proteins. These proteins include zein (corn), miadm 
(wheat or rye), hordein (barlev), and phaseolin (common wmite bean^). 
It should be emphasized that the cereal grains contain besides the 
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incomplete proteins others which in themselves may be quite adequate. 
Wheat, for instance, contains besides gliadin about an equal amount 
of glutenin and smaller quantities of other proteins that have a higher 
nutritive value. The proteins of the germ and of the bran of wheat 
contain high percentages of the amino acids that are lacking in gliadin. 
Zein represents only about 40 percent of the total proteins of corn. 
The other proteins compensate to a large extent, if not wholly, for the 
deficiencies of zein. It has been generally regarded that whole corn 
as the sole source of protein in the diet is not adequate for growth. 
This view, however, is now open to serious question. Recent experi¬ 
ments have demonstrated that young albino rats will grow to maturity 
at a very satisfactory rate on a diet containing no protein other than 
that supplied by whole yellow corn. The cereal grains, however, are 
primarily energy foods and should not be depended on solely to supply 
the body's protein requirements, but shculd be supplemented with 
other protein foods that are good sources of the dietary-essential 
amino acids. 

Seeds of leguminous plants, as a rule, have a high content of protein, 
but it is of low nutritional qualitv. The total proteins of the navy 
bean, lima bean, adsuki bean, field pea, and lentil are inadequate alone 
to support normal growth, because of two limiting factors—a deficient 
amount of cystine and a type of indigestihility especially when raw. 
A comparison of the amino acid composition of the proteins of these 
legume seeds with those of corn indicates a supplemental relationship. 
The bean proteins contain relatively large amounts of lysine, trypto¬ 
phane, and histidine, in marked contrast to those of corn. The 
proteins of soybeans and peanuts present some striking contrasts to 
those of the other legume .seeds. Chemical analyses sliow that the 
former contain a goodly proportion of cystine, and in feeding experi¬ 
ments their proteins have enabled young animals to grow at a satis¬ 
factory rate. The soybean proteins, however, are efficient only after 
they have been heated. 

Little is known regarding the nitrogenous constituents of fruits and 
vegetables. Because of the relatively small amount of protein present, 
they play a minor role as substances in the diet which contribute to 
the growth and maintenance of body proteins. They are valued 
chiefly as sources of energy, vitamins, and mineral elements. On the 
other hand, the small amount of protein present may be of such a 
nature as to have a greater significance in nutrition than its quantity 
would seem to indicate. 

QUANTITATIVE REQUIREMENTS FOR PROTEINS 

The question of how much protein a person requires daily in his 
food to supply the various needs of the body for amino acids obviously 
depends upon a number of different factors. The two that have been 
chiefly considered in arriving at estimates are age and physical activity. 
During the early period of growth the demand for material for builil- 
ing new muscle and other jirotein tissue is very great. It has been 
estiniated that during the first year of life about one-third of the pro¬ 
tein intake is stored as body protein. In adult life the requirement for 
construction of new body protein is much more constant and is limited 
chiefly to replacement and maintenance. 



PROTEIN REQUIREMENTS OF MAN 


181 


It is generally agreed that persons engaged in vigorous museular 
exercise or hard labor require more protein than those living sedentaiy 
lives. It has long been a debatable question whether physical exercise 
results in any material breaking down of muscle tissue, with consecpient 
demand for additional dietary protein for tissue reconstruction. How¬ 
ever, it is known that should there be an inadecjuate intake of energy 
food during the working period, tissue protein will be utilized to serve 
as the source of energy. In practice, statistical studies show that 
men engaged at hard labor do consume more protein than those 
engaged in sedentary occupations. The reason for this may well be 
that their total food intake is higher. 

During pregnancy and lactation there is a marked increase in the 
demand for protein, for not onlv must the normal requirements of the 
mother be satisfied, but a sui)ply must also be provided for the grow¬ 
ing child. During many diseases there is a loss of body tissue which 
must be replaced during convalescence. 

The quality of the protein is also a very important factor in any 
consideration of the (piantity recpiired. Because of great differences 
in the amino acid composition of proteins, it is impossible to estimate 
the total protein requirements without taking the quality of the pro¬ 
tein into consideration. Individual characteristics, such as basal 
metabolism, tastes and dislikes, and variations in the requirements 
for endocrine secretions may also well have an influence on the amount 
of dietary protein re<|uired. 

The earliest estimations on the amount of protein required were 
made largely in an attempt to answer the (|uestion. To what extent 
may the protein content of the diet of man be lowered witli safety? 
They were based largely on statistical data showing the actual aver¬ 
age amount of protein taken by different groups and classes of 
people. The reliability of such a method as a basis for determining 
the amount of protein actually recpiired is evidently open to serious 
question, since there may be a vast discrepancy between the amount 
which experiment shows to be adequate and that based on the aver¬ 
age consumption, which is largely determined by custom and habit 
as the result of instinct. 

The experimental method commonly used for determining the pro¬ 
tein re(iuirements is carried out by means of metabolism studies in 
which the total amount of nitrogen in the food eaten is compared with 
the total nitrogen excreted in the urine and feces. When tlie amount 
of nitrogen ingested is equal to that e.xcreted, the individual is said to 
be in nitrogen e(juilibrium. When the amount of nitrogen intake is 
greater than the output it indicates that the difference has been re¬ 
tained in the body for meeting its various requirements. A larger 
output than intake of nitrogen in a normal, healthy individual shows 
that the amount of protein eaten is below that required, and that the 
body is drawing on its own tissues and reserves to supply the deficit. 
When there is not enough protein nitrogen in the food eaten to meet 
all the normal retpiirements of the body, the more vital functions are 
taken care of at the expense of those which are less important for the 
support of life. It has been shown, for instance, that during starva¬ 
tion the body uses the protein of its own tissue in ordei’ to provide the 
needs of organs which are more vital for the prolongation of life. The 
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excess of nitrogen output over the intake represents the nitrogenous 
byproducts resulting from the break-down of tissue [iroteiiis as a con¬ 
sequence of an inadequate supply of protein in tlie diet. 

Theoretically, the daily ainoun t of protein in the food necessary to 
maintain a pei’son in a state of nitrogen equilibrium is a measure of 
the minimum amount of protein required under the prevailing condi¬ 
tions. However, the figure thus arrived at is only approximate. 
There are complicating factoi-s, many of which cannot be accurately 
estimated, which make it impossible by tliis method to determine 
exactly the amount of protein required. Tlie method used for deter¬ 
mining protein, namely, multiplying the nitrogen figures by the factor 
6.25, may involve erroi-s. The quality of the protein in the food used 
with reference to its content of essential amino acids is not taken into 
account, nor is the question of its digestibility. There are other fac¬ 
tors which could be enumerated. 

During the first part of the present century a very liberal allowance 
of protein in the diet was advocated, both in Europe and in the United 
States. Statistical studies showed variation in daily protein consump¬ 
tion over a wide range. In Sweden, laborers doing hard work and 
having a perfect freedom of choice in their food were found to con¬ 
sume daily an average of 189 grams of protein. Similar groups in 
Russia used 132 grams. German soldiers m active service had a daily 
intake of 145 grams. Data obtained for laborers in Italy, France, and 
England represented, respectively, 115, 135, and 151 grams of protein 
intake daily. Surveys made in the United States on the food con¬ 
sumption of different classes during 1894 to 1904 on about 15,000 
persons, including men. women, and children, showed that the aver¬ 
age protein intake ranged between 100 and 175 grams per day. Other 
studies made on special groups, including lumbermen and college 
athletes, showed figures ranging from 160 to 270 grams. A group of 
professional men’s families were found to consume an average of 104 
grams daily. These results were taken at that time as representing 
actual protein requirements, but in fact they really indicate the result 
of differences in habits, customs, and circumstances rather than true 
physiological needs. Later there was a swing to the other extreme. 
The theory was advocated that the physiological needs of an adult 
under ordinary conditions could be met by a daily intake of protein 
as low as 50 grams or less. At the present time a jirotein require¬ 
ment between the former extremes is quite generally accepted. 

PROTEIN REQUIREMENTS IN THE LIGHT OF PRESENT KNOWLEDGE 

Recent conclusions with respect to the desirable amount of daily 
protein intake in the food of man, reached as a result of careful stiulies 
made by authorities in the field of nutrition, are in close agreement. 
It is generally emphasized that the protein intake should not be lim¬ 
ited to what may be regarded as the minimum amount theoretically 
required as indicated by results of metabolism experiments. It is 
not so much a question of how little protein a person can get along 
with and maintain what may be called a normal nutritive condition, 
but what is the amount required to give the maximum degree of health 
and well-being. It is generally considered desirable to allow a certain 
surplus, or margin of safety, above what may be actually necessary. 
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In a joint conference of representatives of the nutrition advisory 
committee of the Mimstry of Health of Great Britain and the nutri¬ 
tion committee of the British Medical Association, it was agreed {639): ^ 

that accumulated evidence indicates that the total daily need for protein per man 
unit probably lies between 80 and 100 grains.^ The precise amount of protein 
needed by any particular individual ilepends on weight, physique, occupation, 
habits, personal taste, a^e, while clin»ate appears to be of some iinportance 
There is a general consensus of opinion that a certain proportion of the total 

protein should be in the form of first class protein, i. e., protein of animal origin_ 

eggs, milk, cheese, meat or fish. The desirable proportion of animal protein to 
total protein has, so far as our knowledge goes, never been exactly determined, 
but we are convinced from the evidence which is available that the voung child and 
the expectant and nursing mother require relatively large amounts of first-cla.ss pro¬ 
teins—much more indeed than would be arrived at by simple calculation based 
on their man-value equivalent. 


In any discussion on the amount of protein required by children 
during growth, particular emphasis should be placed on the charac¬ 
ter of the protein given. The animal proteins approximate more 
nearly the proteins of the human body than do those of vegetable 
origin and for this reason are preferred. For the growing child, there¬ 
fore, the aniinal proteins, such as are funiishecl in milk, eggs, and 
meat, are distinctly of a higher grade than vegetable protein. Breast- 
feil infants are the best examples of good nutrition and growth. The 
proteins of woman’s milk are the best adapted in amino acid compo¬ 
sition for digestion and assimilation by the infant. Woman’s milk 
contains about twice as much lactalhumin as <loes cow’s milk. This 
lirotein, representing about one-sixth of the total protein of cow’s 
milk, contains more of several of the dietary essential amino acids 
than does casein, the chief protein of cow’s milk. Holt {636), an 
eminent authority on child nutrition, has arrived at the following 
conclusions: 


Healthy children take in their usual diet about 4 gins, of protein per kilo [2.2 
pounds] body weight at the age of 1 yr., the amount diminishing to about 2.() 
gins, at 6 yrs. of age, and remaining at about this value, or slightly below it, 
until the end of growth. Of this total practically two-thirds is animal protein. 
Thus there is in the usual diet about 2.7 gms. animal protein and 1.3 gms. of 
vegetable protein at the age of 1 yr., and about 1.6 gms. animal protein and 1 
gm. vegetable protein at the age of 6 yrs. and thereafter. This quantity of pro¬ 
tein may perhaps be regarded as the optimum and may therefore be recommended 
as the suitable intake for the growing child. 

At the present time the gjeneral consensus of opinion of leaders in 
the study of nutrition with respect to the best proportions of protein 
in the diet is reflected in the report drawn up by the Technical Com¬ 
mission of the Health Committee of the League of Nations {669). 
The part pertinent to this question follows: 

In practice the protein intake for all adults should not fall below 1 gram of pro¬ 
tein per kilo of bociy weight. , . . j • xi x 

The protein should be derived from a variety of sources, and it is desirable that 
a part of the protein should be of animal origin. 


Utalic numbers in parentheses refer to Literature Cited, P- '075. iiinctrfttpd hv the fol- 

* A day's diet that would furnish an amount of protein within this ranpe /iia^y W nf mill run of 

lowing menus: Breakfast, 1 orange, 2 slices of toast, 1 egg; Lunch, 2 j'^^es h^d, I pint 
custard; Dinner, I cup of soun, \i pound of steak, 1 potato, 1 

ach, salad, dessert. Such a list would represent nimntitv nr ^ 

that this list should represent a balanced or an adequate diet, either with respect quantity or quality, 
hut merely to give an idea of how much protein such meals would represent. 
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During growth, pregnancy and lactation, some animal protein is essential, and 
ill the growing period it should form a large proportion of the total [irotein. 

The following allowances of total protein are recommended: 


Affe {years) 

1-3_ 

3-5_ 

5-12_ 

12-15_ 

15-17_ 

17-21_ 

21 and upward-- 

Women: 

r» i. /0-3 months. 

Pregnant months. 

Nursing__ 


Orama per kilo (*.# jmunda] body weii/ht 

... 3.5 

___ 3.0 

___ 2. 5 

_ 2.5 

__ 2.0 

... 1. 5 

_ 1 . 0 

__ 1.0 

_ 1. 5 

_ 2 . 0 


PREVALENCE OF PROTEIN DEFICIENCY IN THE DIET 

As a result of the rapidly growing interest in problems of nutrition 
and the increasing appreciation of the importance of proteins in the 
diet, the question is becoming more frequent, To what extent, if any, 
is there undemutrition as a result of inadequacy of dietary proteins? 
Because protein is so widely distributed in natural foodstuffs, it is 
believed by some that there need be little, if any, apprehension. The 
great difficulties involved in acquiring adequate data make it impos¬ 
sible at the present time to give a categorical answer to this question. 
The effects of deficiencies of most food factors other than proteins are 
readily recognized by specific symjitoms. Deficiencies of vitamin Bj, 
vitamin C, vitamin D, and vitamin B 2 are manifested by beriberi, 
scurvy, rickets, and pellagra, respectively. The effects of protein 
deficiency, on the other hand, may be manifested by a variety of symp¬ 
toms, any one of which may be also attributable to other causes. It is 
known that a low protein intake results in stunted growth and unsatis¬ 
factory reproduction and rearing of young; and cessation of ovulation 
resulting in failure to reproduce has been rejiorted as caused by under¬ 
nutrition with respect to protein. General ill health, mental and 
physical inefficiency, fatigue, lack of resistance to infection, and other 
ill effects have also been cited as tlie results of protein deficiency in 
the diet. 

There is evidence that a normal individual eating a diet excessively 
low in protein tends to have low blood pressure and a low hemo¬ 
globin percentage. With a high protein diet, on the other hand, 
there is no rise in blood pressure and the hemoglobin is normal. 
Recent studies on the effect of different proteins on the rate of hemo¬ 
globin formation have shown that proteins of high nutritive quality 
are more effective for building hemoglobin than the same quantities 
of incomplete proteins, such as gliadin and gelatin. The formation 
or maintenance of normal hemoglobin values is more vital than 
growth. When the dietary protein is either qualitatively or quantita¬ 
tively inadequate for growth, the rate of hemoglobin regeneration is 
significantly retarded. 

Studies recently made on 1,000 residents of New York ( 40 ), living 
on liberal diets, normal as far as they knew, showed that 60 percent 
were getting 42 grams or less of protein daily. From this study in 
which a large proportion of a group living apparently in normal mod- 
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crntP circumstances was gettiiif? a daily quantity of protein so far 
below that frenorally agreed upon and recommended, it wmdd appear 
that inadefjuatc protein consumption in the United States may be far 
more preyalent than is {>:en<*rally suspected. On the other hand, 
Stiebelingf and Phipard ( 110 ^) haye recently made a yery extensiye 
study of the averafje per capita consumption of protein by white and 
Ne{?ro families in different regions in the United States at different 
Icyels of food expenditure. The consumption of protein was found to 
increase as the food expenditures rose. The authors conclude: 

Considering tlie projiortion of families at each level of food expenditure, as well 
as the protein content of the diets, it would appear that less than 2 percent of the 
white families represented by this study purchased food furnishing less than 4o 
grams of protein a requirement unit* a day. The diets of 2.5 percent of these 
families provided 70 grams or less of protein a rer(uirenient unit a day; those of .50 
percent, 82 grams or less; while those of 7.5 percent approximated 0.5 grams or less 
of protein a requirement unit a day. There is little likelihood of a serious de¬ 
ficiency in the ((uantity of protein in diets of many families of employed workers. 

In more detnil, this study showed that with a weekly food expend¬ 
iture of .$0.0.3 to $1.24 per person, the diets of southern white and 
Negro families furnished, respectively, ayerages of 52 and .51 grams 
of protein. Wlien the food e.xpenditurc was $1.25 to $1.87 the diets 
of white families ayeraged from .59 grams in the mountain region to 
65 grams in the East South Central region. For the same expendi¬ 
ture the food supply of southern Negro families furnished an average 
of 70 grams of protein a unit a day, although 4 percent of the diets 
furnished less than 45 grams of protein, and 43 percent between 45 
and 69 grams a day. A weekly food cost of $1.88 to $2.49 supplied 
an average of 74 to 80 grams of protein per day in the case of white 
families iti different regions, and 89 grams in the diets of southern 
Negro families. With weekly food expenditures of $2.50 to $3.12 the 
average i)rotein content of diets of white families ranged from 86 to 94 
grams. About one-half to three-fourths of the diets furnished be¬ 
tween 70 and 99 grams, and most of the remainder between 100 and 
120 grams a unit a day. At the same level of food expenditure the 
diets of all Negro families furnished at least 67 grams of protein, and 
three-fourths of the diets furnished more than 100 grams a unit a day. 
At a food expenditure level of $3.13 to $3.74 a person a week the 
average protein content of diets ranged from 97 to 109 grams a unit 
a day. At expenditures above $3.74 the averages exceeded 110 
grams, and all families had diets furnishing more than 70 grams a 
unit a day. 

Aside from economic restrictions certain customs and habits might 
tend to make protein consumption inadequate, among which may be 
mentioned voluntary restriction of food consumption for the purpose 
of reducing body weight, excessive consumption of carbohydrates and 
sweets, especially by children, and the use of an unduly large amount 
of proteins of poor quality in proportion to the total protein intake. 

THE EFFECT OF HIGH CONTENT OF PROTEIN IN THE DIET 

The possible injurious effect on the body of a large quantity of 
protein in the diet has long been a question that has engaged the 

‘ A imlrltion-reqtiiroinent unit is a iiioderntely aolive man weiuhlng KM pounds. The amount of food 
required by such an individual is taken as a standard. 
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attention of students of nutrition and pathology. Because of the fact 
that the nitrogenous waste products of protein metabolism in the 
body are excreted chiefly through the kidneys, it has often been held 
that an excess of protein in the diet overtaxes those organs, with inju¬ 
rious effects on their structure and functions. Recent experimenta¬ 
tion has shown that an abnormally high proportion of protein in the 
diet results in a marked increase in the size of the kidneys, but that 
there is no apparent damage done to the tissue or to the functiotung 
of the organs, which recede to their original size when the ])rotoin 
intake is lowered. These changes merely indicate a physiological 
response to increased functional demands. These results of animal 
experimentation find confirmation in studies that have been made on 
certain human races, such as the Eskimos, who subsist largely on 
meat and consequently have a very high protein intake. No evidence 
has been observed of impaired renal (kidney) function as a result of 
the high concentration of j)rotein in their diet. 

Notwithstanding the j)rimary imj)ortance of the kidney in protein 
metabolism it might be possible that other body functions may be 
impaired by unduly large amounts of dietary protein. Lately atten¬ 
tion has been given to various phases of the rcj)roductive cycle. High 
concentrations of protein had no deleterious effect on ovulation, nor 
were any toxic symptoms observed during gestation even when diets 
containing as high as 70 pcrcctjt of protein were fed. Lactation, how¬ 
ever, was adversely affected unless the diet supplied an adequate 
amount of vitamins. From available data it a])pears that not until 
the maternal organism feels the stress of the elaboration of ntilk does 
a high level of protein in the diet exert an urifavorable influence. 



MINERAL NEEDS OF MAN 


I N comparatively recent years there have been many discoveries about 
minerals ami vitamins that have completely changed our ideas of human 
food nee<l8. Mere different authors deal with the various minerals— 
calcium and phosphorus, iron and copper, iodine and fluorine, and finally 
numerous "trace elements,” some of which are needed by the body in 
quantities so small as to <lefy analysis by ordinary chemical methods. 
Some of the findings given in this article are well established; others are 
so new as to be still on the b<»r<ler line of uncertainty. 


CALCIUM AND PHOSPHORUS REQUIREMENTS 
OF HUMAN NUTRITION 

by Heniy C. Sherman' 

CALCIUM REQUIREMENTS 

Calcium is the outstanding element of the mineral matter which gives 
shape ami permanence to the body’s framework; which endows our 
bones with the strength, and our teeth with the hardness, that they 
need. In the construction of a normal human body nature uses more 
of calcium than of any other mineral element (fig. 1); and while 
calcium is prominent also in our natural environment, yet there is a 
serious calcium problem in nutrition, partly because so many of the 
human family have drifted away from the use of natural foods and 
eating habits and partly because the calcium compounds which are 
abundant in nature are relatively insoluble (or, to speak more scien¬ 
tifically, are but sparingly soluble). The sparing solubility or relative 
insolubility of the chief compounds or natural lorms of calcium (the 
(diief natural lime salts of rocks, soils, foods, and bones) does handicap 
the acquisition of calcium for our bodies froin our environment. In 
fact if we e.xcept the highly special problem of iodine supply in goitrous 
regions, it is probable that ordinary dietaries are more often deficient 
in calcium than in any other one element. But rather than feel ag- 

‘ Henry C. Sherumn is Mltchill Professor of Chemistry, Department of Chemistry, Columbia 
University. 
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grieved that nature has imposed this handicap upon us, we should 
reflect that without this relative insolubility of natural lime salts 
there would be no such strength of bones or hardness of teeth as we 
possess; it would be a world for invertebrates only. Instead of placing 
us in such an invertebrate world, nature endows us with both back¬ 
bones and brains, and invites us to apply our full endowment to our 
nutritional problems. > 

Of the relatively large amount of calcium that belongs to our bodily 
structure, 99 percent or so is contained in the skeletal system, i. e., 
the bones and teeth with their immediately attached connective tis¬ 
sues. But while only about 1 percent of the body’s calcium is, at any 
one time, circulating in the blood and permeating the soft tissues, it is 
performing highly essential functions there. Upon the presence of 
right amounts and proportions of calcium (or calcium ions), among 



Figure L —Milk is one of the foods rich in calcium, which nature uses in greater quanti¬ 
ties than any other mineral element for the construction of normal human hoilies. 


other things, depend the normal properties and behavior of the fluids 
and soft tissues of the body, such as the blood, the muscles, and the 
nerves. To mention but two examples (for the problem of this article 
is essentially quantitative and its qualitative introduction must not be 
unduly prolonged), the contractility of the muscles, including the alter¬ 
nate contraction and relaxation of heart muscle which constitutes the 
beating of the heart, depends upon their being constantly bathed with 
blood or lymph containing the physiologically normal amount of 
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calcium, both as calcium cojiccntratiou and as relative proportions of 
calcium salts to other salts (or calcium ions to other ions) present; 
aiifl upon calcium depends also the clotting power of the blood, which 
is our safeguard against fatal bleeding from any slight break in the 
wall of any blood vessel. Small as is the concentration of calcium 
in our soft tissues ami body fluids, its constant maintenance within 
the limits of the normal zone is a matter of utmost importance. 

MINIMAL NEED FOR NORMAL ADULT MAINTENANCE 


The quantitative study of the calcium requirement is best begun 
with the consideration of the amount needed for simple maintenance 
of the normal adult, for the logic of the problem is here the most 
direct, and the available data are the most certain. We shall tlien be 
|)roceeding from the simpler to the more comple.x, and from the better 
known to the less well known, when we go on from the need for normal 
maintenance to the added needs of pregnancy and lactation, of growth 
and development, and of such abnormalities, if any, as ari^ to be studied. 

The general plan of investigation of the requirement for maintenance 
is to find the smallest intake to which the body can adjust its expendi¬ 
ture or output, so as to be in essential equilibrium or even balance. 
This might also be called the lowest calcium level to which the body 
can adjust itself withovjt continuing loss of calcium—the minimai- 
adequate level for maintenance. It depends on the fact that calcium 
used by the body is continually being excreted after it is used. Even 
when calcium-free food is eaten, calcium is excreted, which shows that 
daily needs are being met by drawing on the stores in the body itself. 
Finding the smallest intake ami output that will balance therefore 
shows the minimum amount the body needs to maintain itself. 

The actual experimentation to ascertain this level consists in the 
feedin|;: to a healthy, cooperative person—or the eating, if the investi¬ 
gator is himself to be the subject- of a prearranged ration or series of 
rations, determining by chemical analysis the amounts of calcium 
entering and leaving the body per day, until one fiiuls for the given 
subject the minimum level at which c(|uilibrium or even balance of 
intake and output can be established and maintained. In the practi¬ 
cal planning, operation, and interpretation, of such experiments one 
must remember that if the body is well nourished at the start, its 
tendency is to establish equilibrium not oidy at the level of needed 
intake but also at any higher level at which calcium may be supplied.- 
In the actual operation of such an investigation, therefore, one takes 
as the measure of re<juircment in each instance the minimum level of 
output observed in a period of sufficient length, when the intake is the 
same as or slightly less than the observed output. 

Systematic experimentation to ascertain the calcium requirement 
of normal maintenance was undertaken by cooperation between 
the Department of Agriculture and Columbia University some three 
decades ago (1054)^ and was continued in collahoration with the New 
York Association for Improving the Condition of the Poor. In 
1920, the writer brought together {104^) the findings of the 97 calcium- 


• This is also true of phospliorus, of protein, luul of iron. Early indienfio^ of ^otein 

too high, and some present indication.s of iron rc<iuirenicnt prol)nl)Iy arc too high, because of exjicrinients in 
which the intakes were not sufficiently low and uniform. 

* Italic numbers In parentheses refer to Literature Cited, p. 1075. 
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balance experiments then available which were judged to constitute 
valid evidence on the problem of the calcium requirement of normal 
adult maintenance in human nutrition. The mean maintenance 
requirement thus found was 0.45 gram per day.^ This average as a 
rock-bottom minimum for normal adult maintenance has been widely 
used as a base line from which to estimate desirable allowances and 
dietary standards. After 16 years it appeared,*from the viewpoint of 
the same method of compilation and interpretation, that ( 104 ^, pp. 
280-281)— 

If all applicable data published more recently than the above were now included, 
the average would apparently be raised slightly; but so little that we would not 
be repaid in accuracy for the inconvenience of changing the accepted approximate 
average. 

Simultaneously and independently the more recent data were being 
collated by Leitch {675) who, employing an entirely different method of 
interpretation, reached the conclusion that the data point, to 0.55 
gram per day as a more correct estimate of the true requirement. 
And more recently live {566), using the same data as Leitch hut a still 
different method of interpretation, arrives at an estimated average of 
0.52 gram per day. 

Although it is obvious that 0.55 and 0.52 are, respectively, 22 and 
15 percent higher than 0.45, yet in view of the fact that the three 
figures are arrived at by three different interpretations of the experi¬ 
mental data, it may fairly he said that the minimal level of calcium 
intake for adult maintenance is now established with a higli degree, 
not of precision, but of probable validity at approximately 0.5 gram 
per day. 

While we may well regard this as a significant base-line figure or 
average minimum, it is important also to recognize (1) that as an 
expression of minimal need it covers only the average case, not all 
noirnal cases; and (2) that to provide for minimal need is not neces¬ 
sarily to provide what is recpiired for thoroughly satisfactoiy nutrition. 

If calcium requirement is to be understood as the amount required 
for fully satisfactory nutritional condition in all normal cases, then it 
must be set enough Idgher than 0.5 gram to cover jihysiological vari¬ 
ability, and also to cover the difference between a minimal and some¬ 
thing approaching an optimal level on which to maintain calcium 
equilibrium. 

Estimate for Individual and Chance Variations 


When, nearly 20 years ago, tlie teaching of dietetics began com¬ 
monly to include the working out of dietaries to supply reipured 
amounts of some of the mineral elements as well as of protein and 
calories, it became necessary to set (conventionally, and primarily for 
the purpose of teaching practical dietetics) an estimate of calcium 
requirement which would presurnably cover the minimal maintenance 
needs of all normal adults, consistently with the above finding of 0.45 
gram as the average of data ranging'from 0.27 to 0.82 gram in the 
individual cases. For the purpose of covering these individual and 


♦The probable error is dbO.008 gram and the standard deviation 0.12 gram. The 97 cases Included in 
this average showed a coefficient of variation of ?7. The mean thus found was not simply the “averaee 
output over an arbitrarily chosen range of intakes'^; for while it was recognized that intake must be low 
waTs^fnd?flH“nri‘Hn is to throw reliable light ujwn the refiuirement. each case 

wall critically from all the viewpoints suggested by direct personal exiierlence in the laboratory as 

well as library work of such investigations, extending through the preceding 15 years. 
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accidental fluctuations in actual need, an allowance of 0.68 gram per 
day, which provides a margin of 50 percent over the base-line average 
of 0.45 gram, came into very general use; luid, probably because of 
this use, it tends to take on more weight of signifiean(‘.c than its origin 
justifies. Both aspects are reflected in the following paragraph from 
a recent official publication {1104): 

'rhc> utilization of both calcium and phoBidioruH is influenced by a number of 
factors, including the ratio which they bear to each other, the quantity of vitamin 
D supplied by sunlight or foo<l, and the (piantity of fat in the diet. . . . To 
allow for the variation likely to be encountered in everyday foods, and to .safe- 
gtiard those persons whose retpiiremonts are higher than average, a .lO-percent 
margin has been added to average minimum re<iuiremcnts in formulating dietary 
allowances. These additions bring the allowances for acceptable diets to 0.68 g 
of calcium and 1.32 g of phosphorus a man a day. 

Tbe allowance of a margin of 50 percent above the average minimum 
for normal adult maintenance can now be given the clear definition 
which it has always needed. It is an estimate intended to cover 
individual variations of minimal nutritional need among apparently 
normal people and accidental fluctuations within the range of normal 
variation in the utilizability of the calcium of the food su|)ply. 

Fifty percent above the average minimum as found in 1920 is the 
allowance of 0.08 gram hitherto use<l in many governmental calcula¬ 
tions and publications and if> much of the teaching of dietetics. Con¬ 
sistent with the recent increase of the base line of the average mini¬ 
mum to 0.5 gram, as above explained, is the current Iji'ague of Nations 
recommendation of 0.75 gram of calcium per day for norjnal adult 
maintenance (670). Ina.smuch as the normal need of some individuals 
may be as high as 0.82 gram, the recommendation of the League of 
Nations seems preferable to any lower figure. 

It is important to emphasize, what is apparently not yet generally 
realized, that this allowance provides only for variations in the 
minimum and does tiot attempt to «lefine the optimum. 

Evidence on which to base souml discussion of optimal intakes of 
calcium is now beginning to be available, however. 

REQUIREMENT FOR OPTIMAL NUTRITION 

Any attempt to <liscuss o})timal nutrition should take account of the 
entire life cycle and of the launching of a new generation at least as 
vigorous as its parents. 

Obviously, even if the control of living conditions throughout whole 
lifetimes and successive generations of human beings could be accom¬ 
plished, something like a century would be reciuired for tbe gathering 
of adequately comprehensive <lata directly from our own species. 
Meanwhile, however, much is being learned froni full-life and succes¬ 
sive-generation experiments with laboratory animals of species whose 
nutritional chemistry is known to be, in this and many other respects, 
very closely parallel to our own. Such a species is the rat, which 
presents also the great merit of promptness in the completion of its 
normal life history—its life cycle being only one-thirtieth as long as ours. 

The problem of the level of calcium intake which results in the best 
nutritional well-being throughout the life cycle and successive genera¬ 
tions is now being studied in carefully controlled experiments with 
several hundred laboratory rats of a colony whose hereditary and 
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nutritional background is exceptionally well known. And, while this 
investigation is still being extended in some directions, it is now reason¬ 
ably conclusive on the points to which it gave first attention, which 
include the quantitative relation between the minimal-adequate and 
the optimal levels of calcium intake when the dietaiw starting point is 
comparable with that of the majority of our population (6^8, 1045, 
1050, 1051). 

In these experiments successive improvements in nutritional well¬ 
being have resulted from successive increases of the calcium content of 
the dietary up to levels well over twice, and more probably at least 
three times, the level of minimal adequacy. Long and comprehensive 
study makes it scientifically convincing that such health responses to 
improvement of the food supply as demonstrated and measured in 
experiments with the rat are well within the probable corresponding 
responses of human health (1040). For optimal nutrition, therefore, we 
must estimate the calcium requirement at not less than 1 gram per day 
for adult maintenance. 

CALCIUM NEED DURING PREGNANCY AND LACTATION AND OPTIMAL ALLOWANCES 

FOR ADULTS 

The Health Organisation of the League of Nations sets tlie calcium 
requirement for pregnant and lactating women at 1.5 grams per day 
(670) . This, of course, is an attempt to express the average need of such 
women in a round figure for everyday use in the promotion of nutri¬ 
tionally adequate concepts of food supply. Its use as such is entirely 
consistent with appreciation of the fact that the need of a given indi¬ 
vidual is higher in the later than in the earlier stages of pregnancy; and 
that during lactation the requirement for equilibrium of intake and 
output of calcium depends very largely upon the amount of milk 
produced. 

Stiebeling and Phipard (1104, P- 50) cite the League of Nations’ 
standard of 1.5 grams of calcium per day for pregnant and lactating 
women with apparent approval, andsuggest thata population allowance 
for women of 20 years and over be 30 percent above the corresponding 
allowance for men of 20 years and over. Such a margin should doubtless 
be allowed in estimates of minimal needs; but the lifetime studies of 
hundreds of experimental animals make it seem jjrobable that when the 
objective is optimal nutrition men can use to the advantage of their 
health and efficiency the same liberal level of calcium intake as is best 
for women. 

From the evidence thus briefly sketched it follows that with the re¬ 
quirement—in the sense of estimate of minimal need with allowance for 
variations—now put at about 0.75 gram per day for adult maintenance, 
the women of the population should have an average of about 1 gram i)er 
day to provide for the occasional exercise of the functions of pregnancy 
and lactation without undue tax upon the mother; and that the men of 
the population should also have an average of about 1 gram of calcium 
per day; if they are to be nutritionally at their best. 

That liberal provision of calcium for the added needs of pregnancy 
and lactation is of great importance is well illustrated by the compre¬ 
hensive review of Garry and Stiven (409) and the more recent work 
of Toverud (1145). 
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CALCIUM REQUIREMENTS OF GROWTH AND DEVELOPMENT 

Notwithstanding the fact that the unborn child probably takes 
about the same amount of calcium from its mother whether she be 
well- or ill-prepared to spare it, all babies are born calcium-poor in 
the sense that the body of the newborn contains a lower percentage of 
calcium than does that of a normal adult. 

It follows that during its growth and development the body must 
increase not only its amount but also its percentage of calcium, and 
thus that there is an accentuated need for calcium over that for body¬ 
building nutrients of other kinds. Thus the growing child needs a 
calcium intake high not only as compared with its size, but high also as 
compared with its energy (calorie) and protein requirements. 

A study, both extensive and intensive, of calcium balances of 
children from 3 to 13 years old, especially as influenced by differences 
in the calcium content of the food, was carried out by cooperation 
between Columbia University and the New York Association for Im¬ 
proving the Condition of the Poor (1048, pp. 283-285; 1052). The 
results showed that different children of a given age-range have quanti¬ 
tatively different capacities for calcium retention, with corresponding 
differences in the amounts of food calcium needed to enable them to 
do their best. As there is no practicable method of distinguishing 
those of higher from those of lower need, it was recommended that 
children’s dietaries be planned to contain 1 gram of calcium per 
child per day in order to provide for the needs of all cases. Daniels 
(257) has particularly emphasized the fact that liberal provision of 
calcium and vitamin D throughout earlier ages influences the capacity 
for retention and therefore the amount needed for optimal retention 
at a given age; that is, the more calcium the body already has, the 
less it will retain. Other investigators have further developed the 
differences of retention capacity due to the extent to which the body 
is already saturated, or to which it is still calcium-poor at a given age 
and size (355, 989). But as pointed out by Rose (983, 1938 edition, 
P2>. 169-171) the actual data of Daniels’ balance experiments show 
very little difference in the quantitative need as indicated by these 
and by both the earlier investigations above noted and the more 
recent and very extended studies of Jeans and Stearns (585). The 
latter indicate anew, with great emphasis and for all ages, the desir¬ 
ability of not less than 1 gram of calcium per child per day in order 
to provide for such individual differences as are apt to be naet in 
ordinary normal experience. Particularly noteworthy is their re¬ 
peated warning, even in an article primarily devoted to the vitamin 
D requirement (585Y that while vitamin D is a desirable safeguard 
against undue difficulty of calcium and phosphorus assimilation, 
emphasis upon the vitamin is never to be understood as permitting 
any lowering of our standard of calcium requirement. 

Leitch (675) estimated that children should receive between the ages 
of 6 months and 2 years 0.8 gram; from 2 to 9 years 0.9 ^ram; at 9 
years 1.0 gram; and thereafter an increasing amount reaching nearly 
2 grams at about 15 to 16 years. The last-mentioned very high 
figure is largely due to her belief that the well-developed body should 

® Many findings of calcium balance exixjriments not vot published in full were iTresented and discussed 
by Dr. fltoarns before the American Institute of Nutrition, at Baltimore, 1938. 

141394°- 39-14 



194 


YEARBOOK OF AGRICULTURE, 1939 


reach a much higher calcium content than most students have thought 
probable of attainment. As already mentioned, it has also been em¬ 
phasized by Daniels and coworkers {267), by Fairbanks ^d Mitchell 
{865), and by others that if calcium is liberally supplied and well 
retained at early stages of development, the rate of retention in the 
later stages of growth will be less and therefore such high intakes as 
the maximal suggestions of Leitch will be uncalled-for. 

The generally accepted American standard of 1 gram of calcium per 
child per day is, therefore, regarded by most students of the subject 
as being well sustained by the abundant evidence of recent investiga¬ 
tions. This standard for children was adopted at the November 
1937 meeting of the League of Nations’ Technical Commission on 
Nutrition {670), and it is reaffirmed by Stiebeling and Phipard {1104). 

PHOSPHORUS REQUIREMENTS 

The phosphorus requirement of normal adult maintenance .has 
been studied by means of balance experiments on the same principle 
as described for the study of the calcium reipiirement. 

Wliile the amount of phosphorus in the body is not so large as that 
of calcium, a very much larger quantity and proportion of the phos¬ 
phorus belongs to the more active tissues, ami so, as would be expected, 
there is a more rapid turn-over of bo<ly phosphorus than of body 
calcium. The average of 95 phosphorus-balance experiments which 
were deemed valid for the purpose, indicated a requirement of 0.88 
gram of phosphorus per 70 kilograms (154 pounds) of body weight 
per day {1043). The average of 34 experiments with men was 0.124 
gram per kilogram, and that of 61 experiments with women was 
0.127 gram per kilogram. Since this difference is insignificant, the 
phosphorus requirement of maintenance appears to be proportional 
to body weight irrespective of sex. 

The individual data were less variable than the corresponding data 
for indicated calcium requirement, so that the conventional addition 
of a 50-percent margin yields a standard allowance higher than the 
highest individual requirement found (1.32 grams allowed as against 
a maximum finding of 1.20 grams); whereas the corresponding allow¬ 
ance for calcium was lower than the highest individual requirement 
found (0.68 allowed as against a maximum finding of 0.82 gram). 
Thus the standard allowance that has commonly been used in dietary 
calculations and interpretations of the adequacy of food supplies has 
been 10 percent more than sufficient to cover actually recorded indi¬ 
vidual variations in the case of phosphorus, aiul 17 percent less than 
sufficient to cover the correspondingly recorded individual variations 
of indicated calcium requirement of normal adult maintenance. 
Yet even with this use of a relatively higher base line of interpreta¬ 
tion, actual family food supplies show far fewer cases of shortage of 
phosphorus than of calcium. The significance of this is markedly 
increased by the further fact that the recent and current full-life 
experiments with laboratory animals the chemistry of whose nutrition 
is strikingly like that of man in this respect shows the need for a 
hitherto unsuspectedly large mar^n of calcium specifically if optimal 
nutritional well-being is to be attained and maintained. 

Hence on fcritical analysis from the viewpoint of present-day knowl- 
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edge (of which space does not permit a fuller account) it appears that 
the man-per-day standard allowance of 1.32 grains of phosphorus 
for adult maintenance is fidly as generous with respect to now known 
need as is the allowance of 1.0 gram of calcium per day here advocated. 

Thus .standards for dietary calculations and for the interpretation 
of nutritive values of food supplies .should, in the light of present 
knowledge, advance the calcium allowance to 1.0 gram in place of the 
hitherto conventional 0.68 or the Ijcague of Nations’ suggestion of 
0.75, while continuing the phosphorus allowance of 1.32 grams. 

PHOSPHORUS REQUIREMENT IN PREGNANCY AND LACTATION 

The additions that pregnancy and lactation make to the nutritional 
needs of the body are relatively less pronounced in the case of phos¬ 
phorus than in the case of calcium; so that the phosphorus problem 
is not nearly so serious as is the calcium problem. This is true for a 
combination of reasons. 

First, as has just been explained, the long-standing conventional 
allowance of 50 pei'cent above the average measure of minimal ade¬ 
quacy in each ca.se is, as we can .see in the light of the fuller knowledge 
of today, a more generous insurance for meeting the individual’s 
fluctuating needs for phosphorus than for calcium. Second, as has 
been shown, the data of phosphorus-balance experiments are suffi¬ 
ciently numerous for both men and women to justify quantitative 
comparison of their separate averages, and these are found to be 
essentially the same per unit of body weight. Hence when, as often 
happens in practice, the allowance of 1.32 grams of phosphorus per 
day is adopted for men and women alike (as it is adopted by Stiebeling 
and Phipard {1104)), the women, inasmuch as they average about four- 
fifths the body weight of men, are thereby given an additional 25 per¬ 
cent for whatever additional needs they may encounter; whereas, 
according to Leitch {67f>), lower body weight does not afford a corre- 
sjionding insurance in the case of calcium. Third, the actual material 
transferred by mother to young both in pregnancy and lactation is 
relatively richer in calcium than in phosphorus. In the newborn 
baby, and in milk, there is more calcium than phosphorus; whereas 
all current dietary standards for adults and all (or practically all) 
American and European food supplies furnish more phosphorus than 
calcium. 

As yet there is no evidence as to just how much more than actual 
need constitutes the optimal intake of phosphorus. By analogy with 
protein, however, it seems probable that a moderate margin is as 
advantageous as a larger one. 

In view of all the foregoing facts, the Stiebeling-Phipard standard 
of 1.32 grams of phosphorus per day as an average allowance for all 
women of 20 years and over may be taken as expressing the best 
knowledge of today. 

PHOSPHORUS REQUIREMENTS OF GROWTH 

Assuming the now well-established measures for the prevention of 
rickets, there remains scarcely anj'^ reason to fear shortage of phos¬ 
phorus in children’s dietaries in which the calorie, protein, and calcium 
requirements are met. Hence there have naturally bec’.i less numerous 
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phosphonis-balance than calcium-balance studios with children. In 
the work of Sherman and Hawley {1002), in which phosphorus balances 
were determined simultaneously with calcium balances in many 
experiments with children, it appeared that 1 gram of phosphorus 
per child per day is ample for all nutritional needs, and this has since 
been so generally used that it may now be regarded as an accepted 
standard allowance. Stiebeling and Phipard {1104) use I gram per day 
for boys up to 8 and girls up to 10 years; 1.2 grams for boys of 9-12 
and girls of 11-19 years; 1.32 grams for boys of 13-19 years and 
adults 20 years and over. 

RATIOS OF CALCIUM TO PHOSPHORUS 

Experimental rickets is most easily induced by means of diets 
abnormally high in calcium aiul low in phosphorus, or abnormally 
high in phosphates and low in calcium. Thus it came about that 
the calcium-to-phosphorus ratio was frecjiiently mentioned in the dis¬ 
cussions, first of rickets and then of calcium and phosphorus metaho¬ 
lism generally. Convenient as it may be for reference, it seems prob¬ 
able that the habitual discussion of the ratio as such in considering 
the calcium and phosphorus requirements in normal nutrition tends 
rather to confuse than to clarify. For there is and can be no one best 
or most logical ratio. The ratio of needed calcium to needed phos¬ 
phorus is perpetually changing with the development of the body 
from infancy to adulthood; and in the later stages of pregnancy and 
in lactation it is again different from that of adult maintenance. Full 
discussion of this fact would be too long and complicated for this 
article. But it may perhaps supply a key to the situation to point 
out that bone building calls for about twice as much calcium as phos¬ 
phorus, while the mere maintenance of a fully developed adult calls 
for about twice as much phosphorus as calcium. In all the earlier 
years of a person’s life, as also in the later months of a mother’s preg¬ 
nancy, supplying bone-building material is a large part of the respon¬ 
sibility of the food. Again in lactation the mother’s food must meet, 
only now through the mammary glands instead of through the placenta, 
a nutritional need for support of the growth and calcification of bone 
tissue, with greater accentuation of calcium than of phosphorus 
requirement. 

THE CONCLUSIONS IN BRIEF 

The calcium requirement of adult maintenance is a phrase which 
in the light of present-day knowledge requires further specification 
to be explicit. If taken to mean the smallest amount that may be 
trusted to meet bare needs of normal maintenance with fair allowance 
for individual variations, the so-called standard of 0.68 gram may now 
better be advanced to 0.75 gram as advocated by the League of 
Nations’ Technical Commission on Nutrition. If, Jiowever, require¬ 
ment is taken to mean the amount needed for best results, recent and 
current experimental evidence indicates an allowance of not less than 
1.0 gram per day. 

Correspondingly for pregnant and nursing mothers, Stiebeling and 
Phi{)ard’s suggestion of 1.0 gram of calcium per day may be considered 
a minimum expression of requirement, and the League of Nations’ 
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recommendation of 1.5 grams as a tentative attempt at setting up a 
jjresumable optimum. 

As a result of careful study of the somewhat complex situation 
briefly outlined in this article, it is believed that an allowance of 1.0 
gram of calcium per child per day without distinction of age or sex is 
the most scientific and serviceable expression of the calcium require¬ 
ments of growth and development. 

For many purposes it may also be serviceable to use the simple 
standard of 1.0 gram of calcium per capita per day as an expression of 
the nutritional requirement of a population and as a guide to the 
evaluation of the nutritional adequacy of its food supply. 

The phosphorus allowances of Stiebeling and Phipard are: 1.32 
grams per day for all adults 20 years and over and for boys of 13 to 19; 
1.20 grams for boys of 9 to 12 and for girls of 11 to 19; and 1.0 gram 
for all boys up to 8 and all girls up to 10 years of age. In the writer’s 
opinion these may be taken as reflecting present-day scientific evidence 
as to the presumable phosphorus requirements for approximately 
optimal nutrition. 

Recent research establishes the reality of the distinction between 
the merely adequate and the optimal in nutrition; but further research 
is needed to establish the precise position and requirements of the 
actual optimum. 

IRON AND COPPER REQUIREMENTS 

by Mabel A. Dickson ^ 

IRON 

The study of iron in foods and its function in nutrition has progressed 
so rapidly during the past few years that it is difficult to gain a jiroper 
perspective on the progress made. Some findings that seem now to be 
of the greatest importance may soon be discarded, whereas a finding 
at present obscure may be heralded as an im[)ortant landmark in the 
future. 

The discovery that only part of the iron in food is available for use 
by the body while the remainder passes through the digestive tract 
unchanged was largely responsible for a recent impetus to the study of 
iron requirements. This discovery revealed the lack of knowledge 
concerning the absorption and utilization of iron by the body. The 
acceptance of the new theory that the amount of iron retained in the 
body is regulated by the amount absorbed rather than by the action 
of the intestine may serve as an incentive for further research. 

The iron requirements for human beings arc based on few experi¬ 
mental studies. Until carefully controlled tests have been made on a 
large number of individuals in a state of buoyant health, the present 
requirements must continue to serve as a guide in nutrition. Certainly, 
until more is known about the utilization of iron in the body and the 
factors affecting the content of available iron in foodstuffs, it would 
seem wise to adopt generous rather than low allowances. 

The daily allowances of iron to be discussed in this article may be 

• Mabol A. Dickson was formerly Associate Home Economist, Office of Experiment Stations. 
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summed up as follows (in each case it is assumed that the individual is 


normal and healthy): 

Milligrams 


Infant -_'0. 36 

Preschool child_ 27 

Boys, 5-11 years- 9-11 

Boys over 11 years_ 13 

Girls, 5-11 years-— 9-11 

Girls over 11 years_ 13-15 


Milligrams 

Man_ 12-15 

Woman before menopause_ 17 

Pregnant woman_ 20 

Nursing woman_ 17-20 

Woman after menopause_ 12-15 


FUNCTION OF IRON IN THE BODY 

The total amount of iron in a healthy aclult’s body is between 3 and 
4 grams, or about one-tenth to one-seventli of an ounce^—not much 
more than there is in a shingle nail. Of this, about 2 to 3 grams is 
contained in the coloring matter of the red blood cells—hemoglobin — 
and functions in the transportation of oxygen through all the arteries 
and capillaries to the innermost cells of everj'^ organ in the body. 
The remainder, except for a very small amount of unavailable iron in 
the body tissues, is stored in the liver, bone marrow, and spleen where 
it is ready for conversion into hemoglobin when needed by the body. 

The proportion of iron in the diet that is absorbed and can be used 
for hemoglobin formation depends partly upon the foodstuffs. Experi¬ 
ments apparently show that under the most favorable conditions the 
available iron seldom exceeds 60 percent of the total iron content of 
the diet, so that to obtain a given amount it is necessaiy to consume 
nearly twice as much as the iron content of the foods would indicate. 
Then, too, all persons who eat similar foods tlo not necessarily have the 
same concentration of hemoglobin in their blood, for, besides different 
abilities to use available iron, there are differences in ability to manu¬ 
facture hemoglobin. 

The bone marrow has been depicted as a gristmill with three 

hoppers supplying the materials for making red cells. One hopper 
supplies protein, fat, carbohydrate, vitamins, mineral salts, and 
water, which are necessary for the formation of body substances in 
general. The other two hoppers provide the specific elements neces¬ 
sary for hemoglobin formation—iron and a factor that matures red 
cells and prepares them for withdrawal from their storage place, the 
bone marrow. This factor is formed by the action of a secretion of 
the stomach on food elements and is stored in the liver. 

Normally the three hoppers are full and are acting efficiently to 
maintain a normal balance between the formation and destruction of 
red cells. Nearly a trillion red cells and 25 grams (almost nine-tenths 
of an ounce) of hemoglobin must be formed daily and be free to cir¬ 
culate in the blood stream. This involves a daily utilization of about 
90 milligrams of iron, which is considerably greater than the daily 
intake. The excess oyer and above what is contained in the food is 
supplied by the body itself, since as hemoglobin is destroyed the iron 
it contains is split off and about 85 percent is returned to the bone 
marrow to be used again. 

Nutritional or iron-deficiency anemia results when the iron intake is 
low or when the iron is not properly assimilated by the body so that it 
does not reach the bone marrow. When the bone marrow tries to 


’ Per pound of body weight. 
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compensate for the lack of iron, tlie red cells emerging from the mar¬ 
row become small and are low in hemoglobin. Since less hemoglobin 
is formed, there is a decreased amount to be broken down, so less iron 
is set free to be used again. Treatment consists in filling the iron 
hopper by providing an adecjuatc supply of iron. 

For a long time the a<‘.ceptcd theory has been that the entire intesti¬ 
nal tract continuously regulates both the absorption of the iron into 
the blood stream and the excretion of the iron not needed by the body, 
and by so doing controls the amount of iron retained in the body. 
According to the theory, when the body is saturated with iron up to 
normal capacity any additional iron supplied should be followed by 
the excretion of a corresponding amount. 

Recent stutlies have shown, however, that when the body stores of 
iron are complete any additional iron supplied, instead of being dis¬ 
carded unused, is actually retained in the body—a finding that cannot 
be ex|)lained by the present theory (709, 1216). But this and other 
observations can be satisfactorily explained by a new theory which 
holds that the capacity of the int<‘stine to excrete iron is very limited 
and ju’obably negligible, and that the amount of iron in the body is 
regidated by the amount absorbed (708). In turn, the amount of iron 
absorbed depends u|)on the amount contained in the daily diet. When 
the intake of iron is high, the storage organs become veiy active in the 
job of taking the iron out of the blood stream to keep the blood iron 
at the normal level. When the iror» intake is low, the blood-iron level 
is kept normal at the expense of the reserve stores of iron. 

Nutritional anemia may be due to other causes as well as to lack of 
iron in the <liet or the unavailability of the food iron for use by the 
body. The study of iron metabolism, however, has been closely 
related to the study of nutritional anemia and of hemoglobin forma¬ 
tion and regeneration. The rat, whose food habits and nutritional 
processes are strikingly similar to those of man (1047), has served as the 
experimental animal. A rat is fed a diet of milk- which is low in 
iron with or without added copper, until its iron reserves are ex¬ 
hausted and the animal becomes anemic, as shown by decreased hemo¬ 
globin content. A test food containing iron is then added to the diet. 
The rate at which the hemoglobin is regenerated is taken as an indi¬ 
cation of the nutritional availability of the iron in the food. Ap¬ 
parently the response of the anemic rat to iron depends on the basal 
diet used, the method of depleting the iron content of the body, and the 
severity of the experimentally produced anemia (456). The inaccura¬ 
cies of the method are recognized when the values for available iron 
obtained in the animal laboratory are used in studies with human 
subjects. 

DETERMINING IRON REQUIREMENTS 

The amount of iron retpiired by a normal, healthy individual is 
determined by placing the subject on a diet containing a known 
quantity of iron and finding how much iron is excreted by the body. 
When more iron is taken in the diet than is excreted, the body is 
said to be in positive balance. When the opposite occurs that is, 
when the amount of iron excreted by the body is greater than the 
amount taken in— the body is in negative balance. The iron intake 
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is increased or decreased until a period of equilibrium is reached when 
the excretion of iron is pi-actically equal to the intake of iron. This 
state of eqxulibrium or balance implies that the body is pjctting all the 
iron that it needs for the formation of hemoglobin, but not enough to 
allow for any appreciable storage. The amount of iron needed just 
to keep the body in balance is known as the iron requirement. 

To allow for physiological differences bet\^een individuals and 
possible fluctuations in the body’s need for iron, the practice has been 
to average the values obtainetl by balance studies conducted on differ¬ 
ent subjects of the same age group and then increase the average 
reejuirement by 50 percent (1048). The addition of this margin of 
safety to the requirement gives the average daily allowance of iron. 
While it may approach the optimum for individuals with a requirement 
below or close to the average, this average daily allowance may not be 
sufficient to take care of the storage needs of those individuals with 
iron requirements very far above the average. 

If there is no actual loss of blood, iron deficiency is most likely to 
occur when the body’s demands are greatest, or during the first 2 years 
of life and at puberty. In women, iron deficiency may occur during 
pregnancy or toward the end of the reproductive period of life when 
more than 30 years of menstruation, punctuated by pregnancies and 
periods of lactation, have slowly depleted the body’s store. In the 
presence of a diseased condition of some part of the digestive tract, 
an iron deficiency may occur, owing to poor absori)tion of the iron 
from the intestine. Any chronic infection, although it cannot of itself 
produce iron deficiency, undoubtedly interferes with the utilization 
of the element by the bone marrow. The ptirpose of supplying an 
adequate amount of iron in the diet eveiy day is to keep the body 
supplied with more than enough iron for hemoglobin formation so 
that the iron stores will remain full. When the iron reserves of the 
body are exhausted it is very difficult to replenish them in a reasonable 
length of time from food sources. 

IRON REQUIREMENTS 

Infants 

Whether or not an infant develops anemia depemls upon the amount 
of iron stored in its liver before birth and the length of the period 
during which milk is the sole article of the diet. At birth the hemo¬ 
globin content of the hlood is high, 20 grams or more per 100 cubic 
centimeters of blood. The level of hemoglobin rapidly decreases 
to about 14.5 grams, at the second to fourth week of life. This is 
not the result of an iron deficiency but is attributed to the sudden 
rise in the oxygen content of the hlood and the resulting break-down 
of red blood cells when the lungs take the place of the placenta as a 
medium for supplying oxygen. The hemoglobin level continues to 
fall until about the third month of life, sometimes reaching remark¬ 
ably low levels in babies of low birth weight and in premature babies. 
Between the third and sixth months, when the iron stored in the liver 
is being released, the hemoglobin level rises slightly. During the 
rest of the first year and the first half of the second year the level falls 
very gradually to about 12.5 grams per 100 cubic centimetei’s of blood. 
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Anemia caused by an insufficient intake of iron may ap|)ear at 
about the sixth month, when the stored iron is exhausted, or it may 
be delayed until about the twenty-fourth month, the end of thie 
critical period when rapid growth makes the heaviest demand on the 
available iron. During this period the iron intake, particularly in the 
bottle-fed infant, is often infinitesimal, and if the child has entered 
the world insufficiently endowed with iron, anemia is certain to result. 
There are three })ossible causes for a poor supply: (1) Premature 
birth, before sufficient iron has been stored; (2) sharing of the avail¬ 
able iron by twins; and (3) an anemic mother, who cannot supply 
the infant with enough iron. 

From the few balance studies made, in which the quantity of iron 
retained in the infant’s body has been determined by calculating the 
difference between the iron eaten in food and the iron excreted, it 
would seem that some iron-rich foods should be added to the diet well 
before the sixth month. A recommended regime that insures an ade¬ 
quate supply of iron for infants maintained on a cow’s milk diet is to 
add orange juice and cod-liver oil before the end of the second week; 
egg yolk at 3 months; cereal at 4 months; broth, vegetable puree, and 
stewed fruit at 4 to 5 months; and scraped beef and liver at 6 months. 
Aside from the advantage of gi-adually accustoming the infant to new 
foods, the addition of these supplements to the diet at earlier ages than 
has been the practice in the past is important from the standpoint not 
only of the infant’s requirement for iron but also his need for the other 
essential nutrients. In addition to iron, the orange juice supplies the 
vitamin C that is lacking in boiled or pasteurized cow’s milk; egg yolk 
and liver sup[>lement the vitamin A contained in the daily dose of cod- 
liver oil and are good sources of vitamin Bi and of high-quality pro¬ 
tein; and the whole-grain cereals provide vitamin Bj as well as fuel 
value. Vegetables such as peas, carrots, and string beans, and fruits 
such as apricots aiifl primes are good sources of all the minerals, pro¬ 
vide new textures and flavors, and increase the bulk in the diet. 

The average daily iron requirement, as determined by balance 
studies on 15 infants, is about 0.24 milligram per pound of body 
weight {870 , 1101). Adding the conventional 50 percent for a margin 
of safety places the average daily allowance at about 0.36 milligram 
per pound of body weight. 

A healthy 6-month-old infant weighing 14 pounds has a daily iron 
allowance of about 5 milligrams. The 28 ounces of milk in the daily 
diet contain about 2 milligrams, one egg yolk contains about 1 milli¬ 
gram, and I tablespoonfiu of ground calves’ liver another milligram 
of iron, all in a readily availame form. Six tablespoonsfuls of whole- 
grain cereal contain about 0.7 milligram of iron, and 0.3 milligram is 
contained in 4 tablespoonfuls of orange juice, 1 of apricot pulp, and 
2 teaspoonfuls of pureed green peas. All of the iron in apricots is in 
an available form, as is over 95 percent of that in whole-grain cereal, 
and 75 percent in peas and orange juice. The total iron content of 
this sample diet for a 6-month-old infant is about 5 milligrams. To 
inc.rease the iron intake to 6 to 9 milligrains, as has been proposed by 
one authority {1101), would mean increasing the size of the servings of 

liver and egg yolk. . / . x 

A year-old infant weighing 22 pounds has an iron allowance of about 
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8 milligrams. The daily quart of milk supplies about 2.3 milligrams, 
a 3-tablespoonful serving of calves’ liver adds about 3 milligrams, 
and an egg yolk 1 milligram. About 2 tablespoonfuls of baked potato, 
1 of prune pulp, 4 of pureed peas, and about one-half cupful of orange 
juice supply between l-.'S and 2 milligrams, and one-half cupful of 
cereal adds 1 milligram, making a total iron content of about 9 milli¬ 
grams. If a serving of scraped beef replaces tlie liver, the total iron 
content of the diet will be reduced by about 2 milligrams, and the 
available iron content will also be lower, since only about 25 percent 
of the iron in beef is in an available form. Practically all of the iron 
in potato is available, as is 75 percent of that in prunes. 

Children 

The years between 1 and 6 are often spoken of as the “neglected 
age,” for during this period the child is becoming more independent, 
and the parents tend to assume less responsibility for his diet. The 
high standards of nutrition established during the first year should be 
maintained, for although the increase in size is relatively great during 
the first year of life, the infant’s weight at the end of that time is only 
about one-sixth that of the adult, and the rest of the growth period 
is equally important for building body tissue. 

Comparatively few balance studies have been made to determine 
the mineral needs of children. Until recently, the daily allowance for 
iron, based on comparison with the adidt allowance, was 0.5 milligram 
per 100 calories of food. 

Balance studies on 15 children of preschool age by three groups of 
investigators have shown that the present allowance is too low to 
permit optimum storage of iron (S6, 250, 985). These workers are 
in fairly close agi’eement that the iron requirement is about 0.18 
milligram per pound of body weight. Adding the 50 percent for a 
margin of safety places the average daily allowance for children 
between 2)^ and 6 years of age at about 0.27 milligram per pound. 

Another group of workers has proposed the equivalent of 0.14 milli¬ 
gram of iron per pound of body weight as being adequate to meet the 
needs of maintenance and growth of children between 3 and 5 years of 
age {674). The study was made on four children who were receiving, 
during the experimental period, a diet of different composition from 
those used in the other studies. It is possible that the availability of 
the iron in the diets may account, in part, for the differences in iron 
metabolism reported by various investigators. 

In the absence of any balance experiments on children between 1 
and 2)4 years of age, it may be assumed that the iron allowance 
decreases gradually from the standard of 0.36 milligram for infants 
under 1 year to that of 0.27 milligram for children of 2)4 years. The 
widespread prevalence of border-line nutritional anemia among chil¬ 
dren m the age group from 6 nionths to 2 years serves as a warning 
that the iron content of the diet must be maintained at a high level 
and, for some children, needs to be supplemented by medicinal iron 
to forestall the development of the infectious diseases to which the 
anemic child is particularly susceptible. 

A healthy 2-year-old child weighing 27 pounds apparently needs 
about 8 to 9 milligrams of iron a day, while the 5-year-oId child 
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weighing 38 pounds should have about 10 milligrams a day. As a 
cluld’s food needs increase with increasing body size and as tlie diges¬ 
tive tract becomes stronger, new foods that were not included during 
the first year are gradually introduced. The iron needs of the pre¬ 
school child will be well taken care of if the iron-rich foods already an 
important part of the diet are continued in larger servings, and if 
among the new foods added to the diet are whole-wheat bread; vege¬ 
tables such as cauliflower, beets, string beans, carrots, and lettuce; 
fruits such as apples, bananas, peaches, raisins, and dates; and chicken 
and lamb. 

The iron requirements of older children -tliose between (5 and 17 
years of age—have not been determined by the balance method. 
As a guide in planning adequate diets the practice has been to assume 
that the growing child needs almost as much iron as the adult man. 
From a number of survey studies on the health and nutritional status 
of childi-en it appears that iron-deficiency anemia is seldom present in 
children between 5 and 12 years of age. Until further information 
is obtained the daily allowance for children from 5 to 11 years of age 
should probably be close to 9 to 11 milligrams. For boys between 
11 and 17 years it should be about 13 milligrams. 

Although chlorosis is often spoken of as “a disease which has 
accompanied tight-lacing into the limbo of forgotten things,” the 
condition is still seen a,t times in adolescent girls, only it is now 
diagnosed as hypochromic anemia, characterized by a normal number 
of red cells but a reduction in the hemoglobin content of the cells. 
The combination of rapid growth with the. establishment of menstrua¬ 
tion may leail to iron deficiency, espeiually if the iron intake during 
earlier childhood has been consistently below the optimum allowance. 
Girls between the ages of 11 and 14 years are undergoing a period of 
acceleration in growth with increased metabolism anil need a high 
intake of iron, probably from 13 to 15 milligrams a day. 

Many children, while they may not be actually anemic, are often list¬ 
less, lacking in vitality, and have a very poor appetite. These are 
definite signs that the boily’s reserve store of iron is low and is not 
being replenished because the available iron content of the diet is 
about equal to the amount needed for the formation of hemoglobin, 
with no surplus for storage. A suilden spurt of growth, such as may 
occur during the adolescent period, or an infectious disease, which 
progresses rapidly when the resistance is lowered, may so deplete the 
body of its reserve iron that anemia will result. 

The problem of meeting a child’s increasing need for iron cannot 
safely be left to chance. The mothers of a generation or so ago may 
not have known just whjy" it worked, but they did recognize that a dose 
of sulhir and molasses in the spring was an easy way of curing list¬ 
lessness in children, and even today there may still be some mothers 
who give pale, anemic children rusty water to drink. But the wise 
modern mother plans meals that contain sufficient iron each day as a 
means of preventing the anemic condition from appearing. 

The healthy child who drinks a quart of milk and eats an egg every 
day is getting about 3.5 milligrams of available iron. A bowl of 
breakfast cereal and two slices of bread, if made from the whole grains, 
will supply about 2.3 milligrams of iron, practically all of which is m 
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an available form. A slice of calves’ liver 3 by 2 inches and a quarter 
of an inch thick will supply over 6 inillifji'ains of available iron. These 
live foods would more than take care of the iron retpiirement of the 
average child under 11 years of age if they were included in the diet 
every day. 

But calves’ liver is an expensive food and not one that is desired 
every day. Beef liver, which is cheaper, contains only half as much 
iron. An egg a day is recommende<l by nutritionists, but few chil¬ 
dren get a whole egg a day. In place of liver, a slice of roast beef or 
lamb (4 by 2 by indies) will provide about 3.5 milligram^ of total 
iron, but less tlian 1 niilligram of available iron. Oysters, shrimp, 
and clams are about twice as rich in available iron as beef and lamb, 
while fish such as cod, perch, and trout pe a poorer source. A 
medium-sized baked potato, servings of canlifiower, string beans, and 
tomato juice, and a large apple will supply over 3.5 milligrams of iron, 
of which less than 3 are in an available form. Small amounts of iron 
will be obtained from foods such as molasses, nuts, raisins, dates, figs, 
and chocolate, as well as from the other fruits and vegetables that may 
appear quite frequently in a child’s diet. So the child who eats the 
essential foods—milk, eggs, meat, potato, two or three servings of 
fruits and two or three of vegetables, and some whole-grain breads 
or cereals every day—is sure of getting the necessary amount of iron 
as well as the other nutrients—protein, copper, and vitamin C—which 
help the iron in the important job of keeping an optimum supply of 
red cells and hemoglobin in the blood. 

Men 

Some years ago, on the basis of very few studies, 15 milligrams of 
iron was recommended as the daily allowance for an average man. In 
1938 the allowance was lowered to 12 milligrams for both men and 
women (IO 48 ). The Technical Commission on Nutrition of the League 
of Nations recommends 10 milligrams of iron as the daily allowance 
for the adult man. Including the earlier work, much of which is now 
criticized on the grounds that the experimental pcrioils lasted only 3 
to 5 days and the methods used for estimating iron were inaccurate, 
iron-balance studies have been made on 19 adult men {IO 48 ). The 
amount of food iron required to maintain the body in iron balance, 
according to these studies, varies from 3.7 to 12.6 milligrams a day. 
Taking tbe average value, 8.2 milligrams, and adding 50 percent for 
a margin of safety, the allowance of iron for the average healthy man 
would be 12.3 milligrams. 

Most men eat more food than do most women, and particularly the 
protein foods such as meat and eggs, which are good sources of iron. 
In the dietary studies in which the food intake of each member of the 
family is estimated from the approximate figures obtained for the 
quantities of food purchased, the men apparently get from about 8 
to more than 18 milligrams of iron a day; even in the lowest income 
groups, the average is about 11 milligrams. Apparently men reg¬ 
ularly take a relatively large quantity of iron, in spite of the fact 
that they rarely have anemia except when it is secondary to blood 
loss, severe infection, or organic or malignant disease. 

In a recent study the diets of 63 men during a period of 1 week 
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were carefully weighed and the iron content was calculated from food 
tables {1216). The intakes ranged from 7.8 to 28.r> milligrams of iron a 
day and averaged 16.8. None of the men showed any evidence of 
anemia regardless of the iron intake. When large doses of iron were 
given to about one-fourth of the group, the hemoglobin values re¬ 
mained practicality unchanged. Apparently the men were already 
getting sufficient iron to allow for optimal storage, and additional 
amounts of the mineral were not needed. The daily allowance of 
iron for the average man is probably somewhere within the range of 
about 12 to 15 milligrams. 

The iron allowance for the normal, healthy man will be more than 
mot by larger servings of the iron-containing foods recommended for 
the growing child, with a pint in place of a quart of milk a day. 

Women 

The scarcity of research on the quantitative metabolism of iron in 
normal women may be attributed not only to the difficulties of analy¬ 
sis of iron in biological materials and the small amount of iron used 
by the human body, but also to the variations in the physiological 
state of women due to the menstrual process. It may be normal for 
a woman to be in negative balance during the time of menstruation 
and in positive balance at some other time to compensate for the loss 
or to prepare for the next loss. For this reason the information gained 
from a consideration of the results of many iron-balance studies must 
be considered of questionable value, since very short balance periods 
were used and, in most cases, the intermcnstrual period only was 
chosen. Obviously, such investigations should be conducted over a 
period of time which would include all of the changes related to the 
menstrual process. The many difficulties encountered in studies to 
determine the iron requirements of women have been discussed in a 
recent paper by the author {277). 

From the data obtained in the balance studies and from blood tests 
made on supposedly normal women, many investigators arc reporting 
values for the hemoglobin content of the blood. The values are, in 
general, within the range of about 12 to 14.5 grams of hemoglobin in 100 
cubic centimeters of blood. The variations in the values may be 
attributed to differences in methods of determination, the effects of 
exercise and of day-to-day variations, and the influence of the men¬ 
strual cycle, as well as to dietary deficiencies. Altitude and climate 
may also be contributory factors. 

liluring the past 25 years the normal hemoglobin standard for 
women has been set as low as 12.96 and as high as 15.53 grams per 100 
cubic centimeters of blood. For some time it has been accepted that 
the average percentage of hemoglobin in the blood of normal healthy 
men is about 10 percent above that of the average value for normal 
women. In view of definite evidence that it is comparatively easy to 
raise the level of hemoglobin of women about 10 percent by giving 
additional iron, while this is not the case with men {1215), the question 
is raised as to whether the accepted “normal” for women is the true 
normal or should be regarded as a subnormal value. 

There is also the possibility that some of the women who served as 
subjects in the studies to establish a standard value for the hemoglobin 
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level may have had unsatisfactory nutritional backgrounds, which 
would tend to lower the hemoglobin average of the whole group. 
Very few investigators offer any explanation concerning the selection 
of subjects other than to record that they “were known to be normal 
and nonanemic,” “showed no evidences of dietary deficiencies,” 
“were normal and healthy,” or had passed a medical examination 
within a year before the study was undertaken. In the absence of 
satisfactory standards for judging the nutritional status of an individ¬ 
ual, it is probable that many of the women subjects were in a state of 
merely passable health. Until a clear distinction can be made be¬ 
tween those who are enjoying buoyant health and those in a state of 
merely passable health, it will not be possible to establish the optimal 
hemoglobin level for women. 

The average woman lias a caloric intake about 800 calories below 
that of the average man. Therefore, on the same type of diet, the 
amount of iron taken by a woman would naturally be lower. That 
such is usually the case has been shown in various dietary studies, ami 
particularly in a recent one (1215) in which the iron intakes of 63 
women were compared with those of 63 men. The women had an 
average iron intake of 11.4 milligrams, which was only 68 percent of 
the men’s average intake. The liighest value found for any woman 
was just above the average for the men. The minimum intake was 
5.5 milligrams, with almost 30 percent taking less than 10 milligrams 
a day. 

The lower iron intakes of the women ai-e attributed to their more 
restricted intakes of all foods and, particularly meat, of which they 
ate only about 3 ounces a day, while the men ate about 5.2 ounces. 
However, the women evidently preferred the fruits and vegetables, 
and milk products, in which practically all the iron is in an 
available form, for the average intake of available iron was 7.9 milli¬ 
grams a day, or about 76 percent of the total iron intake. The con¬ 
tent of available iron in the men’s diets was higher, 10 milligrams, but 
it represented only 64 percent of the total iron intake, since meat, 
except such organs as liver and kidney, is very low in available iron. 

One of the most interesting findings in the study was that the 
women, with lower intakes of iron, had hemoglobin values averaging 
about 9 percent below those of the men subjects. When large doses 
of iron were given each day for about 2 weeks, the hemoglobin levels 
increased from 12.8 to 14.1 grams in 100 cubic centimeters of blood, 
whereas the value for the men subjects remained within about 1 per¬ 
cent of the original 14.2-gram level. It is evident that the level of 
hemoglobin in normal women’s blood is limited as well as regulated 
by their intake of iron. The prevalence of hypochromic anemia 
among women can be attributed to their low iron intake. Men, 
with an iron re<juirement obviously less than that of women, appar¬ 
ently get more iron than they need, while women appear to get less 
than they need for normal functioning of the body processes. 

The results of a recent clinical study suggest that a relationship may 
exist between the utilization of iron in woman’s body and the action 
of one or more hormones produced in the glands of internal secretion 
(1031). A group of anenuc women who failed to respond to treatment 
with iron showed definite improvement when extracts from the 
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thyroid, ovarian, and anterior pituitary glands were given with the 
iron. While no definite conclusions have been drawn from the pre¬ 
liminary study, there is evidence that a condition of iron deficiency 
may persist even when the iron intake is adequate if a glandular dis¬ 
order is present which interferes with the proper utilization of the 
iron by the body. The presence of .some biologic factor in the body 
which evidently determines the amount of iron removed durmg each 
menstrual period is suggested by the reports of studies such as one 
{61) in which the quantity of iron lost in this way by 50 women varied 
from 3.84 to 78.4 milligrams. 

Iron-balance studies have been made for 3 to 14 days during the 
intermenstrual period on 10 women {S67, 709, 1161, 1216) and during 
consecutive menstrual cycles over 3 to 5 months on 4 other women of 
child-bearing age {68S). The amount of iron required each day to 
maintain the body^ in equilibrium varied from 5.2 to 8.3 milligrams and 
averaged 6.4 milligrams for the women subjects of the studies in which 
the complete menstrual cycle was not considered. The amount of iron 
required by the 4 women through all phases of the menstrual cycle w'as 
considerably higher and varied from 10.83 to 13.61 milligrams, with 
an average value of 12 a day. Adding to the average requirement the 
50 percent for the margin of safety would place the average allowance 
of iron for women of the childbearing period at 9.6 milligrams if the 
results of the short balance tests are accepted, and 18 milligrams on 
the basis of the findings of the longer tests. 

A number of workers engaged in iron-metabolism studies have 
advocated that the iron allowance for women should be raised to 17 
to 20 milligrams rather than lowered to 12 as has been proposed. 
The author of one report (793) believes that “women require about 
four times as much iron as men up to the time of the menopause.” 
Whether or not the iron requirement is as high as that, it would seem 
that there is enough of the newer knowledge of nutrition sufficiently 
established to justify the conclusion that normal, healthy women 
during the childbearing period need at least 17 milligrams of iron a 
day. 

In middle age when the iron stores of the body are no longer taxed 
by the reproductive processes, the iron requirement of women is 
lower. For the maintenance of health and vitality with advancing 
years, an iron allowance of 12 to 15 milligrams is probably adequate. 

To obtain about 15 milligrams of iron, the foods eaten each day 
should include a pint of milk, one egg, a serving of whole-grain cereal 
and two slices of whole-wheat bread, a serving of meat or fish and one 
of a cooked dried fruit such as peaches, prunes, or apricots, an orange 
and another fresh fruit such as apple or banana, and servings of potato 
and two other vegetables such as cabbage and carrots. A generous 
serving of liver, kidney, or heart should be added to the diet at least 
once a week. 

To get an additional 2 milligrams of iron, the amount of egg yolk 
should be increased and the liver or other organs taken twice a week, 
with a serving of bacon or ham added occasionally. In addition to 
more generous amounts of raw fruits and vegetables, the diet should 
include salads and desserts containing raisins, elates, figs, or nuts. 
Other foods that are good sources of iron are dried navy beans, lima 
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beans, and soybeans, dried lentils, black-eyed peas, rhubarb, dainlelion 
and mustard greens, molasses, cocoa, and chocolate. 

Pregnant and Nursing Women 

In the White House Conference report {1210) the iron content 
of the newborn infant is given as 375 milligrams, all of which 
is obtained by transfer from the mother, it amounts to about 0.4 
milligram a day tluring the first two-thirds of pregnancy and 4.7 
milligrams a day duritig the last third. In pregnancy, therefore, the 
daily iron intake should be increased by at least 3 milligrams to take 
care of the needs of mother and child and allow for storage by the 
infant of iron that will be used during the first few months of life. 

When the intake averaged about 15 milligrams a day, 15 pregnant 
women were getting just about enough iron for their own needs and 
those of the developing infant, but not sufficient to allow for any mar¬ 
gin of safety (221). Tlie frequent occurrence of hypochromic anemia 
during the latter part of the pregnancy yieriod is evidence that the iron 
intake is too often close to the border-line requirement without any 
consideration for the safety factor. For that reason 20 milligrams of 
iron a day has been proposed (789) as a desirable allowance during 
pregnancy. 

Iron-deficiency anemia is almost as common among nursing women 
as it is during pregnancy, although the nursing woman supplies the 
infant with less than 1 milligram of iron a day in the breast milk, so 
that the iron taken in the food is practically all used to meet the needs 
of the mother’s body. The iron requirement of the nursing woman has 
not been determined by the balance method as yet. Until experi¬ 
mental data are available it may be assumed that the nursing woman 
requires more iron than does the nonnursing woman, but perhaps not 
quite as much as during the pregnancy period. To be sure of an 
allowance of 17 to 20 milligrams of iron a day, such foods as liver, 
kidney, and other meats, eggs, whole-grain cereals, fruits, and green 
vegetahles, which are such an important part of the diet during preg¬ 
nancy, shouhl be eaten in ample amounts during the nursing period 
also. 

COPPER 

A copper deficiency is rarely found in human beings. The infant is 
born with a reserve supply of copper for use in the formation of red 
blood cells and hemoglobin, but these stores need to be refilled by the 
addition of copper-containing foods to the milk diet during the first 
few months of life. 

Fortunately, the best sources of copper are the iron-containing 
foods. In general, foods that will supply 4 to 5 milligrams of iron will 
also supply about 1 milligram of available copper. The chief differ¬ 
ence between the distribution of iron and copper in foods is that 
poultry is superior to beef in copper content. Iron and copper are 
about equal in the leafy vegetables, legumes, and root vegetables. 
Liver, oysters, molasses, chocolate, and cocoa are outstandingly high 
in copper as well as in iron content. 

The copper requirements of human beings have been determined by 
experiment for adults only. Since iron and copper occur together in 
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foods in such amounts that it is not possible to meet the iron require¬ 
ment without supplying sufficient copper for the average healthy 
individual, it is suggested that the amount of copper contained in a 
diet that meets the recommended allowance for iron may be taken as 
representing the copper allowance. 

The daily allowances of copper discussed in this paper may be 
Slimmed up as follows (in each case it is assumed that the individual 
is normal and healthy): 

.mUitrami 

Infant. ... 1-1. .5 Woman.-_ _ 3. .5 

Child.... 1. .5-2. 5 Pregnant woman__3. 5 4 

Man- 3.5 Nursing woman_ _3. 5^-4 

FUNCTION OF COPPER IN THE BOOT 

Although copper is not a constituent of hemoglobin, it is one of the 
most important factors in the utilization of iron for the fonnation of 
hemoglobin. Copper is present in vai*ying amounts in all living 
matter, indicating that it is essential for both plant and animal life. 
The copper present in the human body, estimated at 100 to 150 milli¬ 
grams, or 0.10 to 0.15 gram, is almost all contained in the muscles, 
bones, and liver, with only a small amount—less than 4 milligrams— 
present in the blood iW4). 

What controls the copper content of the blood is not known, but it 
has been obseiwed in some species of animals that the blood copper is 
markedly decreased in nutritional anemia {1017). When anemia 
threatens the body is apparently able to call upon its reserve stores of 
copper to raise the content in the blood in an effort to speed up the 
formation of hemoglobin and of red blood cells. When the body stores 
have been depleted, the copper may almost disajjpear from the blood 
unless additional copper is given. The animal will then be in a state 
of copper <leficiency and will have all the usual symptoms of anemia. 
Since the animal body is not able to form red blood cells and hemo¬ 
globin in the absence of copper, or at best can form them only at a very 
slow rate, both iron and copper must be administered before the 
anemia will be cured. 

That the rat requires a trace of copper for the formation of hemo¬ 
globin has been established {493). The difficulty of completely 
removing the copper from iron salts and from foods has been suggested 
as the reason why some investigators have been unable to confirm 
the finding. 

In view of the similarity between the nutritional anemias of infants 
and of young animals, the use of copper together with iron in the 
treatment of anemic infants has been tested bj various workers. Some 
of the reports {326, 600) show that anemic infants so treated have a 
more rapid increase in hemoglobin formation than do othei’s receiving 
iron alone. One investigator {897) is of the opinion that copper may 
be of value in certain cases, since a few of the anemic infants in his 
study failed to make a complete recovery until copper had been added 
to the iron supplement. Others believe {730) that if adequate doses 
of iron are given, copper is not necessary. 

For the treatment of women with hypochromic anemia there appeal's 
to be no consistent advantage in the administration of upper and non 
mriai' :!0 is 
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over that of iron alone, indicating that a deficiency of copper is rare 
among women {284). 

DETERMINING COPPER REQUIREMENTS 

The amount of copper needed by a normal, healthy individual is 
determined by the balance method, as in the case of iron. The test 
periods arc from 3 to 7 days, and the copper iptake is changed until a 
period of equilibrium is reached when the copper excreted by the 
body about equals the copper taken in. So far, this has been done 
only for adults. 

COPPER REQUIREMENTS 

Infants and Children 

The copper content of the infant’s liver just before birth is about 10 
times and after birth about twice {244) fli«t of the adult liver. Just 
as food iron is supplied very early in life in anticipation of the time 
when the high liver-iron stores which the infant possessed at birth will 
be exhausted, so must copper be supplied to keep the copper stores 
at the optimal level. 

The sources of readily available copper in the infant’s diet are the 
iron-containing foods -liver, egg yolk, whole-grain cereals, fruits, and 
vegetables. Although cow’s milk is almost devoid of copj)er, some is 
added in the pasteurization j)rocess when the milk is [)assed over 
heated copper rollers, or when co])per cooking utensils are used. 

A healthy 6-month-old infant on a diet that contains about 5 milli¬ 
grams of iron will also be getting more than 1 milligram of copj)cr. 
The larger .servings of the iron-rich foods in the diet of a year-old intant 
supply about 1.5 milligrams of coj)i)er. 

The diet of the preschool child contains the foods added during the 
first year of life and other foods such as whole-wheat bread, lettuce, 
cauliflower, cabbage, beets, apjdes, raisins, dates, chicken, and lamb- 
all of which contain ap])reciable amounts of cojjper. Among the foods 
that may be added to supply the additional co])per needed by older 
children arc molasses, nuts, currants, shellfish, and other fish. The 
copper content of oysters is so high that one large oyster will supply 
about 0.5 milligram of copper. From 1.5 to almost 3 milligrams of 
copper are contained in a well-planned diet that supplies from about 
8 to 13 milligrams of iron. 

Until the requirements for infants and chihlren have been deter¬ 
mined by exi)eriment, the dailv copi)er allowance for the infant may be 
tentatively set at 1 to 1.5 milligrams, and for the growing child at 1.5 
to 2.5. 

Men 

From copper-balance experiments conducted on three men by a 
group of Clvinese investigators, the daily copper requirement for the 
average man was estimated to be 2.4 milligrams {204). The addition 
of 50 percent for a margin of safety places the tlaily copper allowance, 
for men at 3.6 milligrams. The foods that supply 12 to 15 milligrams 
of iron also contain about 3 milligrams of readily available copper. 

A comparison of the copper requirement with that for iron, 8.2 
milligrams, gives a ratio between the two of 1 part of copper to 3.4 
parts of iron. 
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Women 

For the averafrc woman the copper requirement is 2.5 milligrams, 
according to the results of balance experiments conducted on 23 nor¬ 
mal, healthy women of childhearing age.’ The addition of 50 percent 
for a margin of safety would make the daily copper allowance for the 
average woman about the same as that for the man, 3.7 milligi-ams. 

A comparison of the copper and iron requirements of the woman 
gives a ratio of 1 part of copper to 4.8 parts of iron. It may be that 
furtlier studies will either lower the present copper requirement for 
men or will show why men, with a lower iron requirement, should have 
a copper requirement equal to that of women. For the present, the 
copper allowance of the adult - man and woman—may be set at 3.5 
milligrams, 

Prkgx.\nt .\xd Nursing Womk.n 

Very little information is available regarding the need for copper 
during the pregnancy and nursing periods. It is known, however, 
that the infant stores copper timing uterine life and that the blood- 
copper level of the pregnant woman increases during the latter part 
of pregnancy from a normal of 0.18 to 0.23 milligram to 0.2 to 0.35 
nulligram per 100 cubic centimeters of blood. The increase in blood 
copper is associated with active blood formation in the mother and 
the infant’s demands for copper. It is of interest that the blood- 
copper level is raised even in pregnant women who are anemic. 

The copper allowance for the pregnant woman, for whom the iron 
allowance is about 3 milligrams above that of the nonpregnant woman, 
is probably between 3.5 and 4 milligrams a day. For the nursing 
woman, tile daily copper allowance would also be within the range of 
3.5 to 4 milligrams. 

Some of the diet surveys that have been made on groups of families 
in different parts of the work! show that even the veiy poorest families 
are eating footls that supply at least 2 to 3 milligrams of copper a dav 
S76). Any diet that contains about 12 inilligrams of iron will 
supply about 3 milligrams of copper. As additional iron-containing 
t'omls are included, the copper content of the diet will be autoinatically 
increased about 1 milligram for each addition of 4 to 5 milligrams of 
food iron. 

IODINE AND FLUORINE 


by Margaret Cammack Smith ^ 


Thk two chemically related mineral elements, iodine aiul lluorine, 
<liffer greatly in nutritional significance. Iodine is an essential con¬ 
stituent of the thyroid gland, necessaiy for the formation of thyroxin, 
which regulates Basal energy metabolism and growth. Fluorine, on 
the other hand, cannot be considered an essential element ol the 
human body. Its presence in the body is probably due to its occur¬ 
rence in the food supply. Because of its chemical affinity for calwum, 
it is deposited in the bones and teeth in variable amoiints in combina¬ 
tion with calcium, but it is without known physiological function. 


■ Lbvirton, R. M. copper mbtaromsm 

'■ Margaret Cammack Smith is Professor of Nutrition, University tf- 


'roiii tho author. 
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IODINE 

Lack of iodine in the water and food supply is considered the chief 
if not the only cause of simple fjoiter. In the so-called goiter belt, 
which stretches along the Appalachian Mountains as far north as 
Vermont, westward through the basin of the Great Lakes to Washing¬ 
ton, and southward over the Rocky Mountains^ and Pacific States, the 
incidence of goiter is high. 

Most of our knowledge concerning the human reqtiirement for iodine 
is based on estimates of the iodine intake and excretion of people in 
nongoitrous and goitrous regions and on attempts to prevent goiter in 
the latter. The problem is complicated by the fact that iodine can 
be stored in relatively large amounts in the body. However, a 
probable human requirement {965) has been estimated to lie between 
0.05 and 0.1 milligram a day, with the higher amount indicated during 
childhood and again for women during pregnancy and lactation. 

Sea foods are all rich in iodine, but it has been repeatedly shown that 
the iodine content of plant foods and of the water supply {718) is sub¬ 
ject to great variation, the same food being relatively high in iodine in 
nongoitrous regions and low in regions where goiter is prevalent. 
For this reason prevention of goiter in goitrous regions is largely a 
matter of not depending upon the ordinary food and water supply for 
iodine but employing other methods to increase the iodine intake. 
The use of iodized salt in the proportion of 1 part of iodine to 100,000 
parts of salt has received the approval of the American Medical 
Association and is get\erally accepted as the best method of reacliing 
the largest number of people who need iodine medication. Criticism 
of the continuous use of iodized salt has centcu-ed around a possible 
abnormal excitation of thyroid-gland function. It has been pointed 
out {720) that the danger of a to.xic effect from iodized salt can bo 
minimized if its use is limited to the first 20 or 30 years of life and 
periods of pregnancy and lactation. 

Under active investigation at the present time are methods of 
increa.sing the iodine content of man’s food .supply by adding it to 
fertilizers used in growing plant foods {729) and enriching the diet of 
the dairy cow {956) and the egg-laying hen {Jfl) by feeding iodine 
concentrate. Results show that such enrichment is possible, the 
extent of increase in iodine content of the food being dependent upon 
the amount and kind of the iodine compound used. 

FLUORINE 

In contrast to the tendency to iodine deficiency, too much fluorine 
in the water supply is detrimental. Fluorine has been shown to be 
the cause of a disfiguring dental disease known as mottled enamel or 
fluorosis {1077). Fluorine interferes with the normal calcification of 
the teeth during the process of their formation, so that affected teeth, 
in addition to being usually discolored and ugly in appearance, are 
structurally weak and deteriorate early in life. For this reason, it is 
especially important that fluorine be avoided during the period of 
tooth formation, that is, from birth to the age of 12 years. 

Fortunately niost of our large city water supplies do not contain 
toxic concentrations of fluorine, but there are sections in Arizona, 
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California, Colorado, Florida, Idaho, Iowa, Kansas, Minnesota, 
Mississippi, Montana, Nebraska, New Mexico, North Dakota, South 
Dakota, Ohio, Oregon, Texas, Utah, Wisconsin, Wyoming, Africa, 
Canada, China, England, Italy, New Zealand, and South America in 
which all native-born inhabitants who have used the community water 
supply during the period of enamel formation have mottled teeth. 

Quantitative knowledge of the human requirement for iodine and 
the human tolerance for fluorine has been handicapped by the minute¬ 
ness of the amount involved in each case, which causes difficulty in 
analysis and measurement. 

Correlation studies (1070) between the occurrence of mottled enamel 
and the fluorine concentration of the water consumed by afflicted 
persons show that this <lental disease is always found when water con¬ 
taining even as little as 1 part per million of fluorine is used continu¬ 
ously during the period of formation of the permanent teeth. Severe 
mottling of the temporary teeth (1078) has been repeatedly observed 
when the fluorine concentration of the water is excessively high (6 to 
16 parts per million). Water containing such high concentrations of 
fluorine cannot be safely used even for cooking. 

The fluorine content of foodstuffs has been found to vary widely, 
but no evidence has been advanced so far to show that fluorine as 
combined naturally in foods is toxic. The fltiorine problem therefore 
is chiefl;)r concerned with the nee<l for avoiding water containing 
fluorine in order to prevent the occurrence of mottled enamel. In 
many communities this is difficult, for all available water is contami¬ 
nated with fluorine. In the past few years several methods of treat¬ 
ment of water for the removal of fluorine have been investigated, most 
of them proving unsatisfactory. The Arizona Agricidtural Experi¬ 
ment Station has recently developed a method (1069) of fluorine 
removal by filtration, through the use of specially prepared ground 
bone, which has proved eft'ective and practical for reducing the con¬ 
centration of fluorine below the level that causes the dental disease. 
The method is based upon the previously mentioned fact that fluorine 
has a chemical affinity for the calcium of bone. 

The use of fluorine compounds as spray insecticides (1079) for vege¬ 
tables and fruits presents another problem. Tests on rats indicate 
that the compounds of fluorine studied were equal in toxicity and 
that cryolite, a fluorine compound commonly used as a spray insecti¬ 
cide, was just as effective as the more soluble fluorine compounds in 
producing mild mottled enamel. Government control of the use of 
these compounds is recommended as a means of prevention of fluorosis, 
although the question of e.xact tolerance level for fluorine spray resi¬ 
dues on food materials merits further investigation. 

TRACE ELEMENTS 

by Esther Peterson Daniel * 

When plant or animal material is burned, the bulk of it disappears 
into the surrounding air as water and carbon dio.xide, leaving a small 
amount of ash. Chemists can find out what minerals are m this 
remaining ash by photographing the light given off when a small 

‘ Ksther Peterson Daniel Is Associate -Nutrition Chenilst, Bureau of Home Economics. 
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amount of it is heated to incandescence in an electric arc. For years 
it has been known that under certain conditions of heating each 
chemical element sends out its own particular light waves, which are 
never shown by any other element. Pictures of these light patterns, 
made by means of an instrument known as the spectrograph (fig. 2), 
show what individual elements are in a substance. In the past this 
method was used chiefly by engineers to stiuly alloys and to detect 
impurities in various metals. More recently the spectrograph has 
been used to discover new things about living matter, both plant and 
animal. 


By this method it was learned that certain chemical elements oc¬ 
curring in foods in mere 



traces—quantities so 
small that they had 
been completely over¬ 
looked—were tremen¬ 
dously important. 
Plants and animals 
attempting to live on 
foods lacking in these 
elements are stunted 
and deformed, or un¬ 
able to live at all. On 
the other hand, just 
a little too much of 
these so-called trace 
elements may prove 
equally disastrous to 
the health and life of 
the plant or animal. 

Soon scientists ^Jt2, 
509, 981, 1034, 
l23Sy° were eagerly 
searching to find which 
of the chemical ele¬ 
ments had such power¬ 
ful influences and what 
they did in the body to 


Figaro 2 .—Examining llic fine lines of’a speetrograin (llie 
picture taken with a spectrograph) as a means of detecting 
the trace elements present in foods. The quantities are 
80 small that they had been completely overlooked in 
other methods of analysis. 


make them so neces¬ 
sary. These questions 
have been far better 
answered for plants 
than for animals or 


men. Many of the common diseases long a menace to farm crops 
are now known to be due to improper amounts of one or another 
of these trace elements. Careful observations of small animals kept in 
the laboratory on experimental diets, as well as of various kinds of farm 


animals, have given many interesting glimpses regarding the effects 
of trace elements in the animal kingdom. Much still remains to be 
learned regarding the effects of these elements in the life of man, 


‘“Also: American Public Health Association, mineral eiements in nutrition. Anier. Pub. 
Health Assoc., Com. on Nutritional Problems Kept., 14 pp. 1936. [MimeoKraphed.] 
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whose habits and environment are so much more complex and difficult 
to study. This portion of the story is just beginning, as will be 
readily recognized from the following brief review of the meager 
information now available regarding certain of these trace elements 
in human nutrition. There is no doubt, however, of the tremendous 
nutritional significance of some of them. 

MANGANESE 

Traces of manganese may be found in water, plants, and animals. 
Many amethyst-colored minerals owe their delicate hue to this 
element. From the time of the ancient Egyptians it has been used 
for bleaching glass, and today it is used, among other ways, in the 
manufacture of special steel, in the paint industry, and as a depolarizer 
in dry batteries. 

It appears that manganese in very small quantities is necessary in 
the human diet, although its particular action in the body is not yet 
known. The greatest amounts have been found in the liver, pancreas 
(the corresponding gland is commonly referred to as sweetbread in 
animals used for meat), and suprarenals (small glands located jiist 
above the kidneys, which provide substances important in certain 
regulatory processes in tbe body). Experimental rats deprived of 
manganese show sterility in the males and lack of matenial instinct in 
the females. During pregnancy manganese passes into the blood 
stream of the unborn child, and the fecal discharge of the newborn 
infant contains a remarkable amount. The recent discovery that leg- 
bone deformity in chickens, known as perosis, is accompanied by 
manganese deficiency has suggested the possible necessity of this ele¬ 
ment for normal bone development. Studies indicate that as little as 
1 ounce of manganese taken over a period of 12 to 15 years will furnish 
an adequate amount of this element for children. On the other haiul, 
a manganese poisoning is known to occur among certain industrial 
workers employed in plants using considerable quantities of this 
element. 

COBALT 

For 25 years or more, a disease prevalent in both New Zealand aiul 
Australia, commonly referreil to as “Coast disease,” or “Morton 
Mains disease,” has taken a great toll of sheep and cattle {1274)- Tfs 
cause remained obscure until recently, when conditions became so 
desperate that an intensive study was undertaken. The facts indi¬ 
cated that animals on newly broken land and deep-plowed areas did 
better for a time. Good farmers who top-dressed their soil with 
lime and superphosphate to obtain a lu.\uriant grass groiyth were 
particularly troubled with the disease. A number of facts indicated 
that something was lacking in the diet of the animals. After e.\- 
haustive analyses, it was found that the soils in the stricken areas 
were deficient in cobalt. In consequence the feed g:rown on them 
contained little or none of this element, and the animals eating it 
were dying from cobalt deficiency. This was a new idea; never before 
had anyone dreamed that cobalt, long used to impart a lovely shade 
of blue to glassware, was secretly playing a much more vital 
Farmers completely eliminated the trouble by placing a little cobalt 
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in the fertilizer or supplying salt licks containing traces of cobalt. 
One ounce of cobalt sulfate daily is sufficient for approximately 4,000 
animals. 

This element has been fouiul in extremely small amounts in most of 
the organs of the human body. Cobalt is known to increase the num¬ 
ber of red corpuscles in the blood, and there is evidence that it may be 
beneficial in certain types of anemia. Some persistent human nutri¬ 
tional anemias refuse to clear up completely with the usual iron treat¬ 
ment, and the partial cure effected by iron compounds in such cases is 
now believed to be due to the traces of cobalt which these salts have 
been found to carry as impurities. 

ALUMINUM 

Since aluminum cooking vessels have come into extensive use, 
considerable interest has centered about the effects of this element in 
the diet. Particular concern was voiced that poisoning might result 
from eating the extra quantities of aluminum which were dissolved 
out of the pan into the food. Baking powders containing this element 
were also questioned. Rather extensive studies have shown no 
evidence of aluminum poisoning from amounts in excess of those 
which would ordinarily be ingested. It has been estimated that on 
the average a human being eats approximately 1 ounce of aluminum 
in 6 years. About half of this occurs naturally in the foods; the 
remainder is dissolved from the cooking utensils. Although alumi¬ 
num has been found generally distributed in varying amounts in the 
body, scientists are still trying to discover whether its presence is 
naerely accidental or perhaps a necessity for the health and even the 
life of man. 

MAGNESIUM 

In 1695 a man named Grew described a magnesium salt which he 
found in mineral springs at Epsom as having medicinal properties. 

Magnesium is a very important ingredient in chlorophyll, the green 
coloring matter in plants. 

If the magnesium content of the diet is reduced to a very low level, 
a little less than two parts per million of diet, experimental animals 
become sick and die. The blood vessels expand, the heart beats more 
rapidly, the animals become irritable and finally die in convulsions. 
There is evidence that in some way magnesium aids in the use of fat in 
the diet. 

There have been a few cases in which the blood of human subjects 
suffering from irritability have shown low values for magnesium. 
Normal development apparently depends upon the presence of 
magnesium, but our still meager knowledge concerning its action 
encourages further searching for the purpose of this element in human 
nutrition. 

ZINC 

For a period of more than 15 years there has been considerable 
interest in the possible necessity of zinc in the diet. It is always 
present in human tissues, the greatest concentration having been 
found in the sex organs and thyroid. The liver of an infant contains 
more than three times as much as the liver of the adult. This sug- 
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gests a storage of zinc in the child before birth, as is known, to occur 
in the case of copper and iron. Human milk, as well as that of cows 
and ewes, contains zinc; in each case the amount in the milk is greatest 
immediately after the birth of the young. For a period of 10 to 15 
days there is a sharp drop in the amount of zinc found; thereafter it 
remains the same. After repeated attempts by several investigators, a 
zinc deficiency in experimental animals was finally produced in 1935. 
While this work demonstrated the necessity for zinc for normal devel¬ 
opment, the exact action of this element in animal nutrition still 
remains obscure. 

TIN 

Since the great use of tin in the canning industry, considerable 
attention has been focused on the tin content of canned foods and its 
ultimate effect in the body. There appears to be no danger of harm¬ 
ful effects to those ingesting the quantities of this metal found either 
in canned or natural foodstuffs. Tin has been noted in many of the 
human tissues; it seems to be concentrated in the suprarenal glands 
and occurs in considerable abundance m the liver, brain, spleen, and 
thyroid gland. One investigator found exceedingly large amounts of 
tin in the mucous membrane of the tongue, a curious fact encouraging 
further study. 

ARSENIC 

There is growing evidence that arsenic, well-known poison and 
valuable drug, may also prove to be an indispensable element in 
human nutrition. It is generally found in traces in most of the human 
tissues; the amounts present vary, depending upon food, water, 
medication, and environment. The liver appears to be the store¬ 
house for this element; the quantities not stored are eliminated in 
the urine. During menstruation the amount found in the blood, 
stream increases by 50 percent, while during the fifth and sixth 
months of pregnancy the concentration in the blood is three to four 
times the normal quantity. A similar increase is also found in cases of 
cancer. Here, then, is an element that seems closely associated with 
the physiology of man. In just what manner it acts is a question 
that remains unanswered. 

VANADIUM 

This element is generally recognized in its connection with the 
manufacture of vanadium steel; 0.5 percent of vanadium makes an 
alloy twice as strong as ordinary steel. 

It has long been known that vanadium is essential to the ascadians, 
a low order of life in the animal kingdom. Its occurrence has been 
reported by earlier workers in a number of foods, including milk and 
eggs, but with improved methods of study it now appears that vana¬ 
dium is not as widely distributed in nature as was formerly supposed. 
Experiments are now in progress in the Bureau of Home Economics 
in which the nutritional significance of vanadium is being investigated. 
It is not toxic to experimental animals in amounts generally con¬ 
sidered relatively large for trace elements. Quantities up to 25 parts 
per million of the diet have no toxic effects, and 100 pa.rts per million 
produce only very slight symptoms in experimental animals. 
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SELENIUM 

The dramatic story of selenium in nutrition competes with that of 
cobalt {827). For years in the general area in the United States includ¬ 
ing South Dakota, Wyoming, Nebraska, and Kansas, fann animals 
fed on locally grown feed suffered from what was known as “alkali 
disease,” and many died. An intensive investigation disclosed about 
1932 that selenium was responsible for this cchidition; this time, how¬ 
ever, the trouble was not caused by a deficiency of the element but 
by its poisonous effect. Wheat grown on soil containing 2, parts per 
million of selenium might concentrate this element to the extent of 25 
parts per million in the grain, more than double the quantity needed 
to produce a ^rave poisoning in farm stock. 

The recognition of this problem suggested another danger, namely, 
the effect of produce from home-grown gardens upon human health 
in the affected communities. The United States Public Healtli 
Service made analyses of many locally produced foods in the selenium- 
endemic regions and found that meat, eggs, milk, and vegetables are 
constant sources of this element in the dietaries of families living in 
these areas. Different forms of vegetation vary in their ability to 
take up selenium from the soil. For example, in such vegetables as 
potatoes, cucumbers, beets, tomatoes, and carrots the content of 
selenium is generally low, while cabbage, rutabaga, and especially 
onions can concentrate it to a high degree. The exact extent to which 
any ill health occurring in a community in the area can be ascribed to 
selenium is still uncertain. 

BROMINE 

The halogens, a group of elements consisting of fluorine, chlorine, 
bromine, ami iodine, are all of particular interest in human physiology- 
Far less is known about bromine than the others of this group, which 
are discussed elsewhere, but its constant occurrence in blood cannot 
be overlooked. In certain mental conditions, known as manic-de¬ 
pressive psychoses, the normal blood bromine is reduced to about 
lialf and remains low until there is an improvement in the pathological 
condition. The bromine content of the blood is changed also during 
menstruation. The growth-regulating portion of the pituitary gland 
(a small but extremely important organ situated near the base of the 
brain, which has tremendous influence on many of the activities taking 
place inside the body) contains concentrations 7 to 10 times greater 
than that of any other organ. There is a considerable variation in the 
bromine content of the tissues with age; after 45 the amount begins to 
fall, and at 75 years of age only a trace, if any, remains. All of these 
facts suggest many important questions concerning the action of 
bromine which need investigating. 

BORON 

Boron is universally present in the plant kingdom, where it plays a 
part in calcium metabolism and in transporting and possibly in 
utilizing carbohydrate. While there is still no certain knowledge of 
its function in the animal kingdom, evidence strongly indicates that in 
exceedingly small concentrations boron may play a significant role in 
human nutrition. 
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NICKEL 

Nickel has been found more widely distributed than cobalt in the 
human tissues and is particularly concentrated in the pancreas. 
Thus far nothing is known of its physiological function. 

LITHIUM, RUBIDIUM, CAESIUM 

There is meager knowledge reganling the alkali metals other than 
sodium and potassium, which occur in human tissues in relatively large 
amounts and have been universally recognized for years for their 
remarkable physiological action. (Jaesium is seldom found in animal 
tissues, although it is rea<lily absorbed when available. Lithiiim is 
occasionally found in human tissues, but so far there is nothing known 
which indicates any physiological importance. Rubidium, on the 
other hand, is widespread, it is readily absorbed by protoplasm, and 
several authorities have suggested a possible biological role. It 
regularly occurs in human livers, the amount present being slightly 
greater during the nursing period. This fact, together with the fact 
that there is an increased concentration of rubidium in the livers of 
infants dying from a condition present at birth known as congenital 
pyloric stenosis, in which there is a constriction in the opening be¬ 
tween the stomach and small intestine, has led to the suggestion of its 
possible necessity in muscle growth. 

BARIUM, STRONTIUM, BERYLLIUM 

Very little is known about the elements which belong to the same 
family group as magnesium. Both barium and strontium have been 
found occasionally in human tissues, and curiously enough, barium is 
always present in the eyes of cattle in amounts that increase with age. 
The significance of this finding is entirely obscure and such an obser¬ 
vation has not been found with any other animal studied. There is 
no evidence that beryllium occurs naturally in living tissue, although 
the severe rickets produced as a result of feeding excessive amounts 
of this element to experimental animals is well known. 

SILVER AND GOLD 

The accepted importance of copper in animal nutrition, already 
discussed (p. 208 ), prompts an interest in the physiological significance 
of other members of this chemical family—gold and silver. Thus far 
there is no satisfactory demonstration of the presence of gold in living 
tissue, although the question is still an open one. On the other hand, 
silver has been reported in blood, liver, uterus, and ovaries, with traces 
in heart, spleen, and kidney. It is particularly concentrated in the 
thyroid gland and in the tonsil. It remains for future study to indi¬ 
cate whether its presence is merely accidental or significant. 

CADMIUM, MERCURY 

Cadmium, which is closely related to zinc, has not yet been reported 
in human tissues, and there is nothing to indicate particular interest 
in it from the biological viewpoint. Mercury, another niember of this 
group of elements, has been found in the human liver and m a number 
of foods. Amalgam dental fillings provide a significant source of 
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mercury for a period of 3 or 4 months after they have been inserted. 
Part of the ingested mercury is excreted in the feces, part in the urine. 
Mercury, a normal constituent of the diet, is not injurious to health 
in amounts ordinarily ingested, but any indication of its physiological 
necessity is at present lacking. One of the salts of mercury familiarly 
known as calomel (mercurous chloride) is often used as a cathartic. 
Another of its salts, corrosive sublimate (mercuric chloride), is ex¬ 
ceedingly toxic. 

SILICON. GERMANIUM, LEAD 

The group of elements belonging to the same family as tin all have 
shown properties of physiological interest. Cases of silicosis occurring 
comparatively frequently among workers inhaling excessive amounts 
of silicon have familiarized many with this element. Next to oxygen, 
silicon is the most abundant element in the soil. Many human tissues 
contain silicon, and a compound of silica and carbohydrate has been 
found in urine. In plants, silicon is apparently concenied with phos¬ 
phorus metabolism. 

Germanium has been frequently reported to occur in blood, where 
it stimulates the manufacture of red blood cells, and there is evidence 
that it may act as an oxygen carrier. It is nonpoisonous to the animal 
body in relatively large doses. 

There is no evidence to indicate that lead normally possesses any 
particular physiological function. It is even more widely distributed 
than tin, but investigators do not agree regarding the tissues of the 
body in which it normally occurs or the amounts present. On the 
other hand, lead poisoning resulting from excessive (juantities is well 
known. Several cases have been traced to driid<ing water carried 
through short sections of lead pipes, from which water readily dissolves 
more than sufllcient lead to produce severe poisoning. All children’s 
toys, cribs, anti baby carriages should be ])ainted with special lead- 
free paints to avoid the all-too-frequent occurrence of lead poisoning 
in children. 


TITANIUM, ZIRCONIUM, CERIUM, THORIUM 

Titanium is another elemetit widely distributed in nature and in 
human tissues, but its possible physiological significance is completely 
unknown. A record of the occurrence of zirconium, cerium, and 
thorium, other elements belonging to the same family, offers no clues 
regarding their biological properties. 

ANTIMONY, BISMUTH, CHROMIUM, MOLYBDENUM 

Concerning the occurrence of antimony and bismuth data arc 
meager, and there is nothing to arouse especial interest. 

There is considerable controversy over the occurrence of chromium 
and molybdenum in biological material, and until more data are avail¬ 
able no prediction can be made regarding these elements. 



VIT/IMIN NEEDS OF MAN 


WITH draiiialio rapidity, ihc vitamins are now being purified, definitely 
isolated, and even produced synthetically in the laboratory. This makes 
possible a much closer study of the part they play in very fundamental 
but obscure processes of life, as well as of their effects in preventing 
diseases due to ina<lequate diets. Here are the principal facts now known 
about vitamins A, Bi, D, and E, riboflavin, and nicotinic acid, including 
what is known about human requirements for these substances. 


VITAMIN A 

by Lela E. Booher and Elizabeth C. Callison ^ 

Ma^y centuuies ago man learned that certain physical defects and 
diseases could be prevented or cured by eating certain articles of food. 
For exaiiiple, eating generous amounts of the livers of animals was 
known by the Egyptians and Chinese as early as 1500 B. C. to im¬ 
prove vision in dun light. Only recently has it been learned that the 
vitamin A in animal livers is responsible for this improved visual 
adaptation in persons who have received too little of it in their diet. 

It is now known that many foods contain vitamin A or its pre¬ 
cursors, and knowledge of the functions of this dietary essential in the 
body is gradually being accumulated. 

DISCOVERY OF VITAMIN A 

About 30 years ago the first attempts were made to rear young 
animals on mixtures of purified proteins, lard, starch, and salt's lu 
place of mixtures of natural foods. These experiments soon eimed in 
a complete failure of growth followed by untimely death of the ani¬ 
mals. Additions of skim milk or whey to the purified diet prolonged 
growth aiul life somewhat, but animals receiving this ration after 
developing a very serious disease of the eyes, also died without having 

UlaE. Booher is Senior Nutrition Chemist, and Elizabeth C. Callison is Associa^- Physiologist, Foods 
and Nutrition Division. Bureau of Home Economics. po-i 
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reached adult life. But if part of the lard was replaced by butterfat 
in the diet of purified foods with whey added, the animals grew well 
for prolonged periods and did not develop the eye disease. It was 
apparent from these experiments that butterfat contains substances 
necessary for life, for growth of young animals, and for prevention of 
an eye disease. These substances supplied by butterfat are vitamin 
A and carotene, the latter of which can be converted into vitamin A 
in the body. 

WHAT IS VITAMIN A? 

At least five different substances present in natural foods can sup¬ 
ply vitamin A. Four of these are yellow pigments, soluble in fats 
but scarcely soluble at all in water, and very similar to one another. 
They are sometimes called the precursors of vitamin A. The fifth 
substance is vitamin A itself. 

The chemical names for these four yellow pigments that the body 
can convert into vitamin A are a-carotene, /3-carotone, y-carotene, and 
cryptoxanthin. Under a microscope, these so-called carotinoids ap¬ 
pear as beautiful orange-yellow needle-shaped crystals that form 
characteristic rosettes. 

The chemical name “carntene” is derived from the word carrot. 
Yellow and leafy green vegetables are rich sources of the carotenes, 
^-carotene occurs in greater abundance and has wider distribution 
in actual foods than any of the others. The carotenes accompany 
the green coloring (chlorophyll) of all plants. Light seems to be of 
great importance in the production of the carotenes, as it is for the 
production of chlorophyll. In fact, the green or yellow coloring is a 
rough iuthcalion oi the richness ol foods of plant origin in carotene— 
the more intense the coloring, the greater the carotene content. 
Cryptoxanthin is one of the pigments of yellow corn, egg yolk, and 
green grasses. 

In contrast to the carotenes and cryptoxanthin, vitamin A itself is 
not highly colored. This vitamin has been obtained in pure form 
from several different kinds of fish-liver oils. At ordinary tempera¬ 
tures vitamin A is a thick, pale-yellow liquid. By the use of very 
low temperatures Holmes and Corbet (53 /) ^ were able to obtain 
crystals of pure vitamin A. These appear as beautifvd clusters of 
pale-yellow needles. For a given weight the crystals are over 1,000 
times more potent in vitamin A value than the average medicinal 
grade of cod-liver oil. 

Most natural fatty food products of animal origin contain some 
vitamin A. Animals convert the carotenes and cryptoxanthin of 
green leaves, grasses, and other feed into vitainin A in their bodies. 
Some of the vitamin appears in their body tissues, particularly in the 
liver, the kidneys, and to a lesser extent in body fat. In milk and in 
butterfat part of the vitamin A value is due to carotenes and part is 
vitamin A itself, converted within the cow from the carotene in her 
feed. Egg yolks contain cryptoxanthin and vitamin A, but usually 
very little of the three vitamin A-active carotenes. Cryptoxanthin is 
especially prominent when the hen’s diet contains an abundance of 
yellow com and grasses. Fish-liver oils are exceptionally rich in vita¬ 
min A, but relatively poor in carotene. 

* Italic numbers in parentheses refer to I.iteratiire (’ited, p. 1075. 
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More (letailod iiiforinatioi) on the chemistry of vitamin A, the 
carotenes, and cryptoxanthin is presented in a recent article by 
Palmer (800). 

THE FUNCTIONS OF VITAMIN A IN THE BODY 

Human beings, as well as animals, have a remarkable capacity for 
storing vitamin A in their livei-s. It is generally supposed that more 
than 90 percent of the total vitamin A content of the human body is 
present in the liver. 

At birth infants have only very small stores of vitamin A. Human 
colostrum, which nature provides as the first footl of infants, is several 
times richer in this vitamin than the mother’s milk secreted at later 
stages of lactation. Because of the low vitamin A reserves of infants 
and because of their special need for vitamin D, physicians generally 
recommend giving infants small doses of cod-liver oil at a very early 
age. This would seem particularly important for the artificially fed 
infant. 

The stores in the liver are called upon when the food intake does not 
provide adequate amounts of vitamin A. When these body stores 
have been practically exhausted, signs of vitamin A deficiency soon 
become apparent. Animals fed on rations Very low in vitamin A 
value show evidence of several successive stages of tleficiency, increas¬ 
ing in seveiity until tleath ensues. Practically all of these stages of 
vitamin A dciiciency have at one time or another been observed in 
human beings also. 

The earliest recognizable sign of such deficiency is night blindness, 
a visual abnormality that makes the eyes less responsive to dim 
illumination. After being exposed to a bright light, the eyes of a 
night-blind person cannot adjust m the darkness to the same low 
degree of illumination as can the eyes of well-nourished persons. Com¬ 
mon examples of the difficulty a night-blind person has in seeing in 
dim light include his problem of visual adjustment when he enters a 
dimly lighted theater from a brightly illuminaled entrance, or when 
driving an automobile he tries to see the dark road after a car with 
bright headlights has passed. 

There are instances of night blindness which are not the result of 
vitamin A deficiency. Certain diseases of the eye are accompanied by 
poor vision in dim light, and a few persons are born with a permanent 
liei’editary type of night blindness that cannot be relieved by increasing 
the intake of vitamin A or carotene. Night bliiulness due to vitamin A 
deficiency can be quickly relieved by increasing the intake of foods 
rich in vitamin A and carotene or by the administration of vitamin A 
or carotene concentrates. 

A more severe or a more prolonged vitamin A deficiency results in 
extreme muscular weakness and changes in the structure of certain 
body cells—the epithelial cells—which form the protective covering 
of every surface of the body, hicliuling the surfaces of ducts and 
cavities within the body. The changes in these cell structures mterfere 
with their proper fimctionhig. , • j. e 

Tiate stages of such deficiency are accompanied by a serious type of 
eye disease known as .xerophthalmia, which if it progresses leads to 
permanent blindness. This disease is rare in this country, but it has 
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occasionally occurred. Many cases of xerophthalmia were observed 
during the World War among children in Denmark as a result of exten¬ 
sive exportation of dairy products with substitution at home of cheaper 
foods low in vitamin A value. 

Vitamin A has sometimes been called the anti-infective vitamin, and 
its concentrates have been recommended for the prevention or cure 
of colds and other infections. According to the opinions of several 
medical authorities {19, 97, 214) who have published reports on this 
subject recently, there is no justification for believing that vitamin 
A has specific infection-preventive power. Whether or not an 
infection becomes established m the body depends upon a combina¬ 
tion of circumstances. In many infections a dehciency of vitamin A 
is not involved at all. When the body contains a goodly store of 
vitamin A and the food is adequate in vitamin A value, no furtlier 
resistance to infection can be secured by the administration of in¬ 
creased amounts of vitamin A-active foods or concentrates. However, 
when the body is suffering from a moderate or severe degree of vitamin 
A deficiency, most authorities are agreed that there woxild be a 
lowered resistance to infe<*tions. It is important to provide for 
fairly Uberal stores of this vitamin in the body in order to bridge over 
periods of illness or emergencies attended with restricted vitamin A 
intake. This safeguard is also important because the absorption of 
vitamin A and carotene from the food may be low during illness. 

A deficiency of vitamin A during the period of tooth formation 
results in defective tooth structures and striking deformities of the 
teeth {780). Wolbach {97) stat(*s that vitamin A deficiency during 
this period probably is the most important of all vitamin deficiencies 
in the human being. 

THE DISTRIBUTION OF VITAMIN A VALUE IN FOODS 

Vitamin A as such occui-s only in food of animal origin. The 
vitamin A value of plant foods is due to the piesence of carotenes and 
cryptoxanthin. The richest natural sources are the livers of various 
species of animals and particidarly those of certain kinds of fish. 
The oils obtained from tlie livers of bass, eels, halibut, cod, and the 
tuna are extremely rich in vitamin A. The body oils of fish arc much 
less rich than the corresponding liver oils. Aluscle meats contain 
only traces. 

Some foods of animal origin contain both vitamin A and the vitamin 
A-active carotinoids (carotenes and cryptoxanthin). Such foods 
include milk, butter, cheese, and egg yolk’s. A part of the carotene 
in the feed of the cow is converted into vitamin A and a part is secreted 
as carotene in the production of milk. The vitamin A values of milk 
and milk products are quite variable, depending on the amount of 
vitamin A or carotene in the cow’s rations. During the summer 
months when the cows eat liberal amounts of fresh green grasses, the 
vitamin A value of the milk is relatively high compared to that of 
winter milk. Hens’ eggs are richer in vitamin A value when the hens 
are fed rations high in carotene or vitamin A. Hens fed rations 
containing yellow corn usually transfer some of the cryptoxanthin 
of the com to the egg yolks. 

Most of the common fruits contain some carotene. Apricots, 
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papayas, mangos, persimmons, and yellow peaches are among those 
which are important sources of carotene. Bananas, avocados, can¬ 
taloups, and oranges which have deep-yellow juice are good sources of 
carotene. 

Leafy green and yellow vegetables are excellent sources of the 
vitamin A-active carotinoids. Kale, spinach, escarole, dandelion 
greens, watercress, turnip greens, lambsquarters, and parsley are some 
of the commoner leafy green vegetables that are very rich in carotene. 
In leafy head vejietables such as cabbage and lettuce, the outer green 
leaves are richer in carotene than the inner bleached leaves. Red and 
yellow carrots, yellow-fleshed sweetpotatoes, and ripe tomatoes are 
excellent sources of carotene. 

The cereals in general are not important sources of vitamin A, and 
most of their vitamin A value is found in the germ and bran portions. 
Yellow corn is a richer source than the other common cereals used in 
this country. 

QUANTITATIVE MEASUREMENTS OF THE VITAMIN A VALUES OF FOODS 

The relative amounts of vitamin A and vitamin A-active caroti¬ 
noids in foods can be measured by controlled feeding experiments with 
rats. Diets free of vitamin A but adequate in all other respects are 
fed to normal young rats until their body stores of the vitamin have 
been dejdeted. The body weights of rats that have reached this stage 
cease to increase and signs of an abnormal eye condition arc apparent. 
The lids of one or both eyes become reddened and swollen, and an 
apjx-nirance of squinting suggests that the eyes have become unduly 
sensitive to light. 

The food being tested for its vitamin A content is then fed as 
weighed daily supplements in such quantities as will promote a rate 
of growth equal to that induced by a standard quantity of pure 
|3-caroteiie. 

The International Unit of vitamin A is 0.0006 milligram of pure 
|3-carotene. The quantity of a test food that must be fed daily to 
each rat in order to promote the same average rate of growth as is 
induced by feeding 0.0006 milligram of |8-carotene per rat per day is 
said to contain 1 International Unit of vitamin A. 

Foods tested in this way may contain both vitamin A and vitamin 
A-active carotinoids. The animal feeding tests do not distinguish 
between the growth responses due to vitamin A and these carotinoids, 
and for this reason the results of these measurements are usually ex- 
pressetl as total vitamin A value. 

Animal feeding experiments are expensive, time^-onsuming, and 
laborious. Efforts are being made to develop chemical and physical 
methods of testing the vitamin A content of foods in order to over¬ 
come some of the disadvantages of the feeding experiments. Si>me 
progress has been made in this direction, but the application of these 
newer methods to measurements of the vitamin A values of natural 
foods often involves difficulties that have not yet been satisfactorily 
overcome. The chemical and physical methods are fairly satisfactory 
for measuring the vitamin A values of such materials as fish-liver oils 
and otlier vitamin A (or carotene) concentrates. . > t 

The chief interest in vitamins arises from the fact that they are of 

141304^—39-10 
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extreme importance in the mitrition of man and of aniinaJs. tor this 
reason the acceptability of any and all chemical or physical measure¬ 
ments of vitamin A values must rest iii the end upon their coiihrnia- 
tion by animal or human feeding experiments. 

VITAMIN A REQUIREMENTS 

In order to determine the vitamin A requirements of man it is 
necessary to have a basis for distinguishing between nutritional states 
of adequacy and inadequacy of vitamin A. When such a basis is 
established it then becomes possible to restrict the vitamin A intake 
to the level which will just prevent the first signs of inadequacy. 
This quantity, expressed in terms of daily requirement, would repre¬ 
sent a physiological minimum requiremeiit. 

Of the several recognizable signs of vitamin A deficiency, it now 
seems that nutritional night blindness is the earliest to appear. 
Several instruments are available for determining the presence or 
absence of night blindness in human beings. A measurement of the 
minimum intensity of light that the dark-adapted eye can see will 
indicate whether or not a person is sufi'ering from night blindness. If 
foods or concentrates rich in vitamin A improve the visual adapta¬ 
tion to dim light, it may be assumed that a state of vitamin A de¬ 
ficiency existed for that persOT). 

Friderischen and Edmund (5.95) have developed a method for 
measuring the visual adaptation of very young children (under 2 
years of age) to dim light. The child is allowed to rest or sleej) for 
some time in an unlighted room. Then graded dim lights are placed 
in front of the child while the observer watches him very closely. 
When the light is just bright enough for the child to notice, it will he 
indicated by movements of the child’s brow and eyelids. A child 
Avho is not receiving a sufficient amount of vitamin A in the food will 
respond only to a light brighter than that to which well-nourished 
children respond. 

The same principle is involved in measuring the visual adaptation 
of older children and adults, except that they are first exposed to the 
standard bright light and can tell the observer the moment the dim 
light used in the test is just bright enough to be seen by them. 

The daily requirement for vitamin A for persons of difl’erent ages 
and of different body weights is usually expressed in terms of Inter¬ 
national Units of vitamin A or of weighed amounts of carotene. 

Edmund and Clemmesen {S08) have measured the vitamin A re¬ 
quirements of a grouj) of Danish prisoners. Half of the men were 
given the ordinary prison rations throughout the experiment. The 
average daily amount of vitamin A contained in this diet was 1,200 
International .Units; during the summer months the vitamin A in the 
diet would naturally be a little more than that, and during the winter 
months it would be somewhat less. These investigators found that 
in this group some of the men developed signs of night blindness during 
the winter. The other half of the group was given a pint of whole 
milk daily during the winter in addition to the regular prison fare, so 
that they received an average of 1,400 International Units of vitamin A 
per day. There were no cases of night blindness in this group during 
either winter or summer. Edmund and Clemmesen conclude that 
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Jill fivorafje of 1,400 Interiiationiil Units is the Iciist amount of vitamin 
A which will just prevent nip:ht hlindness in adults. These %ures 
represent average intakes of vitamin A for a group of persons. 

BUREAU OF HOME ECONOMICS VITAMIN A-REQUIREMENTS PROJECT 

During 1937--38 the Bureau of Home Economics determined tlie 
vitamin A re(pjirement by carefid study of five adults. Three women 
and two men consented to be subjects for the experiment. For 5 to 0 
months they ate oidy food prei)ared for them in the laboratory 
kitchen. Literally every bite that these people ate was weigheti. 
Thus, it was made certain that each one was receiving an ample and 
constant supply of calories, protein, fat, calcium, phosphorus, iron, 
and of all the known vitamins (thiamin, ascorbic acid, vitamin D, 
and riboflavin) with the exception of vitamin A. The amount of 
vitamin A was kept as low as possible. 

The diet was neither unpleasing nor unduly monotonous. The fol¬ 
lowing list of foods from which it was chosen will show that there 
was opportunity for a moderate amount of variety from day to day: 

Meats: Bacon, chicken, fish (lean), ham, lamb, pork, veal. All visible fat 
removed except in the case of bacon. 

Vegetables: Asparagus (bleached), beans (dried), beets, cabbage (bleached), 
cauUfiower, celery (bleached hearts), corn (white), cucumbers, mushrooms, onions, 
parsnips, ijotatoes (white), turnips (white). 

Fruits: Ajjples, cranberries, grapefruit, grape-juice, grapes (white), lemons, 

I)(*ars, strawberries. 

Miscellaneous: Cocoa, coconut, vegetable oils, egg white, flour (white), gelatine, 
honey, macaroni, milk (fat content less than 0.02 percent), oleomargarine (made 
with vegetable oil and containing no added vitamin A), rice, saltines, sugar, 
tapioca. 

Breakfast was the least variable of the meals, consisting: of g:rape- 
friiit, toast, bacon, oleoinarpirine (with no added vitamin A), honey, 
skim milk, and black cofTee. A representative dinner would be 
chicken, potatoes and oleomarpirine, caulillowt^r, a small portion of 
cranf mtv sauce, pears, and skim milk. Supper: Navy bean soup, 
salthies, a small serving: of apple, celery, and nut salad with lemon- 
juice dressing, cocoa, and angel-food cake. 

There was a very small amount of vitamin A in this food, varying 
from 88 International Units a day for the smallest subject to 103 for 
the largest. The subjects neither lost nor gained in weight and 
appeared to be perfectly healthy throughout the e.xperiment. 

Before the subjects b(‘gan to eat the experimental diet, a number of 
measurements of the ability of their eyes to adapt to darkness were 
made. This was done with a very sensitive instrument known as the 
visual adaptometer (fig. 1). By means of this instrument, the eye 
of the subject is exposed to a brightly lighted screen for several minutes; 
the screen is then removed and the subject is in total darkness. A 
test of his ability to see is then made immediately by flashing a small 
dim light placed slightlv to one side of the center of the eye. 
intensity of this light is increased until the subject sees it. 
test is repeated every few minutes for about half an hour. The 
intensities of light a person requires at different times during the period 
of dark adaptation will show whether or not he is night blind. 

While the subjects were on the diet, measurements weie made ever\ 
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few days, until finally their eyes were found not to be capable of 
adapting themselves normally to darkness. The length of tin^ before 
these signs appeared was not the same for all persons. One showed a 
change after only 2 weeks, two after 4 weeks, one after 6 weeks, and 
in the most extreme case, a change in dark adaptation occurred 
after 18 weeks. These variations may be explained by the fact that 
each person had a different amount of vitamin A stored in his liver, 
depending on his past dietary history, and that probably each one was 
daily drawing on this store at a different rate. 

\^en the adaptation to darkness had changed so that it was re¬ 
quiring 10 times as much light for the subject to see as when he was 
eating a well-balanced diet, vitamin A was added by giving cod- 



Figure L —Testing a subject for night blindness—the first symptom of vitamin A 
deficiency—with the visual adaptometer. 


liver oil, which was carefully weighe<l into gelatine capsules. The 
amount of vitamin A in this oil was found by tests on rats accord¬ 
ing to the method described earlier. Small amounts were given daily 
at first, and these were increased slowly until the dose of cod-liver oil 
was reached that would again make the adaptation to darkness normal. 
As might be expected, the dose required was different for each indi¬ 
vidual and ranged from 1,200 International Units a day for the smallest 
to 3,800 for the largest. This was in addition to the very small amount 
already present in the diet. Even when the size of the person was 
taken into consideration, there was still a difference in the amount of 
vitamin A necessary for the different individuals. 

As soon as the adaptation to darkness had returned to normal, the 
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cod-livcr oil was withdrawn and the subject allowed to become night 
blind once more. This time, instead of cod-liver oil as the source of 
vitamin A, crystals of carotene dissolved in cottonseed oil were 
weighed into the capsules and given to the experimental subjects. 
Surprisingly enough, it was necessary to give each subject many more 
units in tlie form of carotene than they had required in the form of cod- 
liver oil in order to restore normal vision. This probably means that 
human beings are not able to use carotene as efficiently as they do 
vitamin A. It is not understood exactly why this should be true. 
Since vitamin A and carotene will not go into solution in water, but 
only in fat, it may be that the amount of fst in the diet has something 
to do with this lack of utilization of carotene. Work is now in prog¬ 
ress at the Bureau to discover why the carotene is not better utilized. 

Low-cost dietaries are dependent upon leafy green and yellow vegeta¬ 
bles as the main .source of vitamin A value. In such cases it would be 
very important that liberal amounts of these be included in order that 
there be no shortage of vitamin A in the body. 

From the results of these experiments and the available data on 
vitamin A value or carotene content of different foods, it is possible 
to express the requirement in terms of quantities of common food items. 

For children between the ages of 2 and 14 years a liberal amount 
of vitamin A will be provided if their daily food contains about 1 
quart of whole milk in addition to an egg (or egg yolk), servings of 
green leafy vegetables and of butter suited to the size of the cluld, 
and a half teaspoonful of cod-liver oil or its equivalent in other fish- 
liver oils. 

The vitamin A requirements of a normal adult can be supplied by 
a daily allowance of a pint of whole milk, one egg, two ordinary-sized 
pats (one-third of an ounce) of butter, and an average serving of a 
leafy green or yellow vegetable. It is not necessary to include 
exactly those articles of food, since many other foods rated as excel¬ 
lent sources of vitamin A will contribute comparable amounts of this 
vitamin. However, the group of articles specifically mentioned above 
offers a combination whicli supplies other nutritional essentials in very 
desirable allowances. 

A pregnant or nursing woman requires more vitamin A than the 
ordinary adult. Her vitamin A requirements can be provided by 
including a quart of whole milk, an egg, an average serving of a leafy 
green vegetable, and one teaspoonful of cod-liver oil or its equivalent 
in other fish-liver oils in her diet each day. 

VITAMIN Bi 

by O.L. Kline > 

What used to be known as vitamin B was later found to bo a complex 
of several vitamins. One of those is now called vitamin Bi; another 
is vitamin G, or riboflavin. The old vitamin B is now generally 
referred to as the vitamin B complex. 

Vitamin Bj is an essential dietary substance that cannot be syn¬ 
thesized in the normal processes of the human body and must there- 

> O. L. Kline Is Biochemist, Food and Drug Administration. 
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fore be supplied in the diet. This vitamin appears to play a role in 
the metabolism of every living cell in the lower animals and plants, as 
well as in the human Body. It is required for normal growth of all 
species of animals, of yeasts and molds, and of higher plants. Plants 
have the ability to manufacture and store it in the seed, principally 
in the germ, and yeasts grown on media having considerable quan¬ 
tities of the vitamin or its constituent parta contain comparatively 
large amounts of it. On the whole, however, dietary vitamin Bj is 
derived from a large variety of foods that contain only small amounts 
of the vitamin. Therefore a subnormal supply of vitamin Bi in our 
dietary is likely to occur only under unusual circumstances. 

VITAMIN B, DEFICIENCY DISEASES 

A lack of vitamin B, in the diet causes the human deficiency disease, 
beriberi. This disease has had widespread occurrence, particularly in 
the Orient, including the Philippines, among people whose principal 
article of diet is polished rice, refined by a milling process that removes 
the vitamin-containing outer coat of the seed. The disease, which 
has been known for a long time, was first shown to be due to an un¬ 
balanced diet in 1883, when an outbreak of beriberi in the Japanese 
Navy was controlled and further outbreaks prevented by supple¬ 
menting the usual diet of polished rice and dried fish with meat, vege¬ 
tables, and milk. The isolation and identification of vitamin Bi as 
the substance necessary to prevent beriberi were the result of a long 
series of investigations begun by Eijkman {313) in 1897 and carried 
on bv research workers in many parts of the world. The story of the 
development of the vitamin theory and identification of many of the 
dietary factors is a long and interesting one that extends over a period 
of more than 40 years. During that time a science of nutrition has 
grown up that gives us an insight into the structure and function of 
many of these vital substances. 

Although a complete lack of vitamin Bi in the human dietary may 
result in the occurrence of beriberi, there may be many degrees of the 
deficiency causing less well-defined symptoms. Any degree, from the 
mild form in which slight and unrecognizable symptoms occur, to the 
extreme case with severe metabolic disturbances, may occur in persons 
of all ages. Infantile beriberi has a rapid onset with short duration, 
leading to death if untreated, while adult beriberi in most cases 
develops gradually with vague and ill-defined symptoms. In the early 
stages the adult may complain of fatigue, stiffness, headache, nerv¬ 
ousness, and loss of appetite. Later any one of these three types 
may be recognized; (1) The so-called wet beriberi type (called wet 
because of the appearance of large amounts of fluid in the tissues, 
causing a generalized edema), regarded by some investigators as a 
critical stage in the development of the disease, in which swelling of 
tissues is probably caused by improper functioning of the heart; 
(2) dry beriberi (so designated when the predominating symptom is a 
peripheral neuritis), considered to be a chronic form which may persist 
over a long period with possible involvement of nervous system 
changes; and (3) a type described by some observers as acute per¬ 
nicious Beriberi, in which enlargement of the heart and related con¬ 
ditions may be found. The occurrence of peripheral neuritis, involv- 
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‘mg the nerves at the periphery or ends of tiie nervous system -also 
called polyneuritis—is a common sym])tom in the advanccul staf^es of 
all these ty])es of beriberi. Polyneuritis is a condition in which control 
of the muscles is affected, causing a loss of coordination in the move¬ 
ments, particularly, of the feet, legs, and arms. In severe cases even 
the muscles of the trunk may be affected. Patients in such advanced 
stag<*,s of the disease develop ata.xia—uncontrolled muscle contrac¬ 
tions—and lack of coordination. 

This deficiency disease is of course prevented by the use of well- 
balanced diets. Cure may be effected by administration of con¬ 
centrates of vitamin Bi or the crystalline vitamin itself, or if these are 
not available, such diet supplements as yeast, wheat germ, or rice 
polishings. A well-balanced diet is a further essential part of the 
curative procedure. It seems clear that although the primary 
d(*ficiency in beriberi is vitamin Bi, there may be a lack of other 
nutritional factors as well, factors that can most successfully be sup¬ 
plied by proper dietary means. This is true in the case of other dietary 
deficiencies also, but particularly true of vitamin Bj beitause an early 
symptom of the disease, loss of ajipetitc, results in reduced food intake, 
and in turn a reduced supply of other essential substances. For this 
ri'ason the symptoms of beriberi are more variable and less well 
defined than those of some other deficiency diseases such as scurvy or 
rickets. 

Less commonly occurring conditions reported to be relieved by 
vitamin Bi therapy are the iiolyneuritis of pregnancy, the polyneuritis 
which sometimes occurs in late stages of acute alcoholism, and the 
polyneuritis associated with human pellagra. In these conditions a 
decreased assimilation of food may lead to a reduced intake of the 
vitamin, so reduced in a few extreme cases as to cause the polyneuritic 
symptoms to appear. That vitamin Bj is the sole factor involved in 
these instances can only be demonstrated in further clinical studies 
in which the crystalline vitamin is employed. 

CHEMICAL NATURE OF VITAMIN B, 

It was not until lyifb, nearly 40 years after vitamin Bi deficiency 
was fiist produced experimentally by Kijkman, that chemists were 
successful in synthesizing the compound in the laboratory. The 
American chemist, K. K. Williams, was the first to describe the syn¬ 
thesis of the vitamin {1228, 1229) and as a result of these and other 
studies, crystalline Bj is now available in ])ure form at low cost. It 
is being widely used in the study of the physiological function of the 
vitamin in the human body, and in clinical studies designed to meas¬ 
ure the human requirement more accurately. 

The crystalline vitamin has been named “thiamin chloride” (in 
Furope it is called aneurin), although the term “vitamin Bf’ is still 
widely used both in the scientific literature and in popular discussions. 
This vitamin, like other members of the vitamin B complex, is soluble 
in water but insoluble in most fat solvents. It is destroyed by heat 
in the presence of moisture, the rate of destruction depending on 
the acidity or alkalinity of the medium. In alkaline solution destruc¬ 
tion by heat is rajiid and complete in a short time; in acid reaction 
the vitamin is somewhat more stable. A common method for de- 
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stroying vitamin Bi in experimental stndies is autoclaving, in which 
the material treated is subjected to an atmosphere of steam under 
pressure. However, in ordinary cooking of foods, vitamin destruc¬ 
tion is not so marked, and it apparently varies with the kind and the 
acid reaction of the food. Because of the water solubility of the 
vitamin, a greater loss may occur when cooking waters and juices are 
discarded. • 

Other causes of Bi destruction of less practical importance but 
worthy of mention here are its possible reactions with other com¬ 
pounds sometimes present in foods. The vitamin is known to unite 
witli compounds that render it physiologically inactive, such as 
aldehydes. It is well known also that the vitamin is destroyed in the 
presence of sulfites. Such factors may be of real importance when 
compounds of this type are usetl in food processing or preservation. 
However, with reasonable care in preparation of foods, either in 
cooking, processing, or preservation, important amounts of vitamin 
Bj need not be lost. 

VITAMIN B, REQUIREMENTS 

The human body is unable to store large amounts of vitamin B,; 
therefore it is important to maintain a constant supply in the diet. 
This requirement, however, is adequately met in most diets in this 
country made up of the ordinary foods, although such processes as 
the milling of grains to produce a refined grade of flour, the polishing 
of rice to improve appearance and keeping quality, and the sulfuring 
of fruits do tend to reduce the Bi content of our diets. 

Vitamin Bi is essential for the well-being of every living cell. This 
is necessarily true since this vitamin is concerned with the metabolism 
or break-down of foods that furnish energy for the body processes 
and functions. Biological research in recent years has revealed the 
complex steps through wliich the carbohydrate foods are broken down 
during the process of digestion and metabolism in order to release 
in an available form the energy from the sun originally bound up in 
those compounds by the plant. The vitamin acts in combination 
with phosphoric acid as a coenzyme called cocarboxylase, which func¬ 
tions to prevent the accumidation of pyruvic acul, an intermediate 
compound formed in the break-down of carbohydrates. Thus, the 
amount of vitamin Bj required each day by a man or an animal de¬ 
pends directly upon the amount of energy that man or animal expends. 

In estimating the rmuireinent for the vitamin, certain variables 
must be considered. Jor example, it has been demonstrated that 
there is a smaller demand for the vitamin when diets containing a 
large proportion of fat are consumed. This is to be expected, since 
the energy derived from fat is made available by a chain of chemical 
reactions in which vitamin Bj is not directly necessary. Therefore, 
the vitamin requirement bears a direct relation to the number of non¬ 
fat calories (carbohydrate and protein) used by the body. 

In general, three different methods of approach have been used in 
studying the human requirement for vitamin B,. These are studies 
of (1) the quantitative relationship of the vitamin to body weight, 
body activity, and food calories utilized in different species of animals; 
(2) the Bi content of various diets, including those known to be ade- 
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quate and those known to allow the occurrence of beriberi; and (:?) 
the clinical administration of conc,cntra.tes of the vitaiiun on a lar{:(> 
scale. The values to be discussed have been obtained by these 
methods and must be considered as the miiumum reciuirement. 
There is little agreement as to the increased amount that may be 
required for optimum conditions. It is hoped that imiirovements 
in methods for determining the vitamin B, content of blood and urine 
and the use of crystalline Bi in clinical studies will yield in the future 
more reliable information on the minimum, as well as optimum, 
requirement. 

Vitamin Bi values are most often expressed in International Units, 
1 of which is equivalent to 3 micrograms, or three-milliontlis of a gram, 
of the pure crystalline B|. Another unit widely used in the past was 
the (yhase-Sherman. The relationship now generally acceiited be¬ 
tween these two is that 1 International Unit is eijuivalent to 2 ( 'hase- 
Sherman units. The Intcniational Unit is based on a definite weight 
of the pure vitamin; the Chase-Sherman unit is based mi growth 
response in the rat under standard conditions. 

The formula proposed by Cowgill (335) for estimating the mini¬ 
mum daily vitamin B, requirement for normal adults indicates that 
this value depends both upon bo<ly weight and upon the miinlxu- of 
food calories utilized. By means of this formula one may calculate 
that a man of an average degree of activity, weighing ajiproximately 
140 pounds, will require a minimum of 2.')() International Units of 
vitamin Bi a day, while a woman of 100 pounds will need at least 13.') 
International Units. Another American writer, Rose (OSS), has 
recommended, as a more liberal allowance for the ailult, amounts 
approximately eiiuivalent to 3,')0 to 4.50 International Units daily. 
It seems clear from this ami other evidence that by the best means 
of calculation based on body weight and activity, minimum daily 
need falls between 135 and 4.50 International Units (or 0.4 to 1.35 
milligrams) of the pure vitamin. 

From a study of the vitamin B, content of many human dietaries, 
the adequacy of which with respect to prevention of beriberi was 
known, it was estimated that the normal daily B| intake of the adult is 
350 International Units and that a minimum of 1.50 units is needed to 
prevent occurrence of gross symptoms of beriberi. A group of Ger¬ 
man investigators (1103) have reached a similar conclusion. rc|)orting 
a minimum requirement of 85 to 1.50 International Units and stating 
that intakes of 350 to 700 will meet the needs under any conditions. 
VanVoen (1165), who studied beriberi in the Orient, has determined 
by feeding concentrates of B, that the minimum daily intake for pre¬ 
vention of this disease when diets containiii}; large amounts of starch 
are consumed is 100 to 200 International Units dailv. 

Values obtained from studying the excretion of vitaniin Bi by per¬ 
sons consuming both adequate and vitamin Bi-deficient diets are 
found to fall in the same range. Harris and Leong (^82) have osti- 
mated that approximately 8 percent of the intake of this vitamin is 
normally excreted, and on this basis excretion studies indicate that the 
normal adult requires at least 200 International Units daily. 

It should be noted that all of these values have been obtained by 
indirect means, without knowledge of the exact function of the vitamin 
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in the body. The fact that tlie values fall within a small raiijje is an 
indication of their accuracy. More e.xact knowledg^e of adult require¬ 
ments must await a better undei’standing of vitamin function and 
more accurate clinical studies. Those values ranging from 85 to 700 
International Units correspond to 0.25 to 2.1 milligrams of the pure 
vitamin Bj. 

The infant’s requii’ement for the vitamin has been difficult to deter¬ 
mine. Based upon the vitamin Bj content of milk, it has been esti¬ 
mated that infants under 6 months old probably obtain not more than 
50 International Units of the vitamin a day. 

The requirement of children has been even more difficult to measure 
than that of infants or adults. Since the vitamin is essential for 
growth, a limited or deficient intake would be expected to limit the 
rarte of growth of the child. Beriberi does not commonly occur in 
children, probably because the growing organism adjusts itself to the 
lowered vitamin intake by a reduction in rate of growth,' thus con¬ 
serving the small amount of vitamin Bi available. In the majority 
of clinical studies on children vitamin Bj supplements other than the 
crystalline vitamin have been employed, and thez'efore conclusions 
from these studies are subject to some criticism. It is reasonable to 
expect that, as in the adult, the requirement of children may depend 
upon the amount of carbohydrate food utilized. This would place the 
requirement of growing children in the same range as that of adults. 

The amount of vitamin Bi needed by the female is increased during 
pregnancy and lactation. Studies indicate that this is true of a 
number of other nutritional factors, and such increased demand is not 
unreasonable. It has been noted, particularly in the Far East 
(1229), that an apparently normal woman may develop beriberi soon 
after the birth of her first child, and although in a partly paralyzed 
state will secrete sufficient quantities of milk for support of the infant. 
However, since the amount of vitamin Bj secreted in the milk is 
dependent upon the mother’s diet, such infants invariably develop 
infantile beriberi and soon die unless treated. The increased amount 
of vitamin Bi needed in pregnancy may be considered as the require- 
inent for the mother plus the amount needed by the fetus. After 
birth of the infant, the normal secretion of milk creates an increased 
demand for the vitamin. Cowgill {236) has recommended for preg¬ 
nant and lactating women an intake of 20 Inteniational Units per 100 
calories of food, or 600 to 700 International Units a day. 

Data obtained in the Bureau of Home Economics in a study of a 
large number of dietary records from families at various levels of food 
expenditure indicate that those diets that provide at least the minimum 
daily requirements for calories, protein, calcium, phosphorus, and iron 
usually furnish 200 or more International Units of vitamin Bj a dav 
Stiebeling and Phipard (1104) state that about 10 percent of the white 
families studied selected foods that furnished less than 300 Interna¬ 
tional Units a day, while the diets of about half the families investi¬ 
gated furnished 500 or more. 

The vitaniin Bj rec^uirement is known to be increased in certain 
clinical conditions. Since, as has been pointed out, the requirement 
depends on enei^ expended, and therefore on rate of metabolism, any 
increase in metabolic rate such as occurs in cases of high fever or of 
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heighteiiod metabolism due to an overactive thyroid gland, may result 
in an increased demand for vitamin B]. If the amount of food energy 
utilized is double the normal, then presumably the need for the vitamin 
will be doubled. Cowgill { 286 ) has suggested that a good practical 
rule to follow in such cases is to be assured of an intake of about 20 
International Units of vitamin Bi per 100 calories. This would seem to 
allow for a considerable factor of safety. 

Other clinical conditions that may affect the vitamin B| requireiiKMit 
arc those in which large amounts of water are excreted, such as diuresis 
and diarrhea. This vitamin is water-soluble, and such conditions 
would tend to cause a washing-out effect. In diseases which involve a 
large loss of water it is well to pay attention to the vitamin supply. 

VITAMIN C 

by Sybil L. Smith < 

To THE neglect of an attendant and the keen observation of a brilliant 
scientist we owe what is probably the first ilescription of experimentally 
induced scurvy and lowered resistance to infection due to a diet lacking 
in vitamin C. 

About 45 years ago Theobald Smith, then Chief of the Pathological 
Division of the Bureau of Animal Industry, was using some guinea pigs 
to test the virulence of certain organisms that had been isolated in the 
study of a disease of swine. He was getting irregular results; two of 
his guinea pigs. No. 254 and No. 255. were killed by an inoculation 
that they should have been able to resist easily. He began casting 
about for the cause of this susceptibility. He found it in the diet the 
animals wore receiving. He wrote in his annual report for 1894-95 

{1084,p. my. 

The death of No. 254 was undoubtedly due to the alisence of such [green] food 
as the attendant had neglected to provide it after tlie disappearance of grass in the 
fall of the year. Furthermore, No. 255 was weakened by the restricted diet and 
succumbed to an inoculation which otherwise might have had no visible effect. 

Not only were these animals unusually susceptible to infection; 
they developed, Ur. Smith noted, a “peculiar disease” of their own, 
which he described as follows: 

When guinea pigs are fed with cereals (bran and oats mixed) without any 
grass, clover or succulent vegetables such as cabbage a peculiar disease, chiefly 
recognizable by subcutaneous extravasation of bloo(l [that is, hemorrhages under 
the skin], carries them off in four to eight weeks. 

But Smith’s work was with domestic animals and not human hoings, 
and since poultry, swine, and cattle manufacture their own vitamin C 
and do not need to have it furnished in their food as do guinea pigs, 
monkeys, and human beinjjs, he naturally did not associate this 
disease of improperly fed guinea pigs with the recognized but little- 
understood symptoms of human scurvy. It was not until more than 
10 yeai-s later that this connection was made by some Norwegian 
investigators { 533 , 534 ) who foumj that a disease very prevalent among 
sailors on long voyages was identical in its symptoms with guinea-pig 
scurvy, and like guinea-pig scurvy could he cured hy green food such 
as cabbage, or, more spectacularly, by orange juice or lemon juice. 

’ Sybil L. Smith is Senior Kxi)eriment Station .\(lministrator, Office of Experiiiieni siallon.s. 
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After the recognition of human scurvy as a vitamin-deficiency 
disease, 25 more years elapsed before the substance responsible for its 
prevention and cure—which was given the name vitamin C as the third 
vitamin to be recognized—was finally separated from foods, identified 
as a chemical compound of known structure, and manufactured for use 
in laboratory and clinical work ( 6 £ 9 ). But even now, more than 6 
years later, there is still considerable uncertainty as to how the vitamin 
acts in the body and how much of it is needed by people of different 
ages. 

One diflSculty is that it is no longer a question simply of determining 
the quantity of the vitamin necessaiy to prevent the symptoms of 
scurvy—soreness and stiffness of the joints, swelling and bleeding of the 
gums with loosening of the teeth, and hemorrhages under the skin on 
various parts of the body. These more severe symptoms are now so 
seldom seen in this country that when cases of undeniable scurvy are 
found they are given considerable attention in medical journals anti 
are even considered news by the popular press. This does not mean, 
however, that there is no occasion for most of us to worry about lack 
of vitamin C. • On the contrary, there are probably thousands of peo¬ 
ple in this country who are suffering from an unrecognized deficiency 
of vitamin C. Many vague symptoms of ill-health, such as restless¬ 
ness and irritability m infants and children and a run-down feeling in 
adults, particularly in the early spring (spring fever), are probably 
due to lack of vitamin C. In fact, even when there is not a single out¬ 
ward symptom of trouble a person may be in a state of vitamin C de¬ 
pletion more dangerous than scurvy itself. When such a condition is 
not detected and continues uncorrected, the teeth and bones may be 
damaged and, what may be even more serious, the blood system may 
be weakened to the point where it can no longer resist or fight infec¬ 
tions not so easily cured as scurvy. 

Another difficulty that has stood in the way of determining vitamin 
C requirernents with the exactness that should be possible for a definite 
food constituent is the peculiar nature of the vitamin. Consequently, 
it may be well to review briefly what is known about the chemical 
nature of the vitamin and its reactions in the body. 


WHAT IS VITAMIN C? 


Pure vitamin C can be purchased in the drug store as small white 
tablets labeled “Cevitamic Acid.” A name more commonly used as a 
substitute for vitamin C is “ascorbic acid.” Both of these names in¬ 
dicate that the vitamin is an acid; and it does have a slightly sour taste 
suggestive of acids.® Chemists speak of vitamin C as an oxidizing- 
reducing agent. This means that under certain circumstances the 


• The simplest chemical formula is CaHiOi; but the structural formula, which shows bow these carbou. 
bydrogeD, and oxygen atoms are joined together, is not so simple, as shown below: 
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vitamin can unite with oxygen (oxidation) and under others with 
hydrogen (reduction). In living tissues, both animal and plant, the 
vitamin is ordinarily in the reduced form, as pictured in the footnote. 
In the animal body there seems to be a substance—an enzyme—that 
tends to keep the vitamin in the reduced form, but in blood that has 
been drawn for test purposes and in urine there is no longer such pro¬ 
tection and the vitamin is very easily converted to an oxidized form 
in which it is no longer active and from which it cannot be changed 
back. In plant materials the vitamin is also fairly easily oxidized, and 
when this happens, as in foods that are exposed too long to the air, it 
cannot be changed back to the active reduced form. Such foods are 
consequently no longer effective sources of the vitamin. Moreover 



Figure 2 .—Measuring the vitamin C in oranges. 


in the body itself some of the vitamin C taken in foods or even as pure 
ascorbic acid may be destroyed before it can be used. All of this 
means that vitamin is quite unstable and easily lost. 

The chemical methods used to determine how much vitamin C is 
present in any material are usually color tests depending upon the re¬ 
ducing property of the vitamin, which changes the color of the testing 
substance; but thus far no test has been found that will react with 
vitamin C and not with other reducing agents. As vitamin C reacts 
more rapidly than the other reducing agents likely to be present, con¬ 
siderable reliance is placed on completing the test within a very short 
time—30 seconds at the most. Much time has been snent in many 
laboratories in attempting to find a completely satisfactory method of 
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measuring vitamin C (fig. 2). This to some extent explains why it is 
taking so long to find out all that should be known about the part this 
important vitamin plays in human nutrition. 

HOW DOES VITAMIN C ACT? 

Some idea of how vitamin C acts in the body to prevent all of the 
visible and invisible ills that have been described and to strengthen 
the body’s resistance to infection has been obtainetl from careful study 
of guinea pigs. It is possible by certain chemical tests to trace the 
vitamin as it is used by the body, and on observation to note the 
changes taking place when the vitamin is added or taken away. Such 
studies {1248) have shown that in guinea pigs an important change 
takes place around the cells in certain tissues, such as the marrow of 
the bones, the dentin that composes the prmcipal mass of the teeth, 
and various connective tissues throughout the body. Normally these 
cells are surrounded by a stiff jellylike or cementlike substance, which 
in animals deprived of vitamin C becomes a thin watery liquid power¬ 
less to support the cells. When the vitamin is again supjilied, the sub¬ 
stance resumes its jellylike state. The thickening is similar to the 
effect of pectin in making jelly. 

Undoubtedly many of the results of vitamin C deficiency are due to 
this liquefying of the intercellular substance. There is little question 
that this is so in and around the teeth, the bones, and the joints. 
Whether the break-down in the blood capillaries resulting in hemor¬ 
rhages is due to a similar change or to some failure in the oxida¬ 
tion-reduction system is not definitely known. In a recent review 
{250) in which the effects of vitamin C deficiency are discussed, much 
emphasis is given to the effect of growth and stress in determining 
where the most evident harm restdts from a lack of vitamin C. In 
growing children it will be in the developing bones and teeth. There 
may be some truth in the expression “growing pains.” The stre.ss of 
exercise or muscular work in older people determines where the break¬ 
down of the capillaries will occur ami hemorrhages appear. 

Another effect of lack of vitamin C that may be traceable to the 
failure of the intercellular ma terial to jell is delayed healing of wounds. 
It has been demonstrated in guinea pigs {664) that artificially pro¬ 
duced wounds heal much more slowly when the animals are on diets 
low in vitamin C than when they are given plenty of the vitamin; 
and it has also been shown that during the slower healing process the 
wound tissue ruptures very easily. These results are thought to ex¬ 
plain occasional breaking open of wounds with no evidence of infection 
m human beings. A study of the diet of such patients would probably 
show an inadequate supply of vitamin C. Peptic ulcers might be 
thought of as wounds, and it is now considered the best practice to 
prescribe additional vitamin C for ulcer patients. In the past, quite 
unwittingly, ulcer diets were actually almost entirely lacking in vita¬ 
min C, for the bland foods prescribed—milk and eggs—contain little 
or none of this vitamin. 

It is a temptation to go on illustrating how vitamin C acts by 
showing what it does, but one more illustration will have to be enough 
at this point—the relation of vitamin C to infections. 

After it became possible to determine the intake and output of 
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vitamin C in the body it was found that a great deal more of it dis¬ 
appears during various infections tJiau under normal conditions. 
Tuberculosis is an infectious tliseasc in which there is a great drain on 
vitamin C, and for a long time it has been the custom to prescribe 
rather large amounts of t)range juice or tomato juice in the dietary 
treatment of the disease. 

At first it was thought that the vitamin was destroyed by the organ¬ 
isms producing the infection, but there is now some evicrence that it 
actually plays a part in combating the infection because it is necessary 
for the proper functioning of tlie blood-serum complemeiit--a sub¬ 
stance in the blood stream that acts as the first line of defen.se against 
invasion by harmful agents. It has recently been shown m guinea 
pigs (^90) that the blood-serum complement loses its normal activity 
m the absence of vitamin C. In human beings, too, blood analyses 
(W7) have shown that a high content of vitamin C is accompanied by 
a high content of blood-serum complemeiit, and vice versa. Just 
what reaction, if any, takes place between the blood-serum comple¬ 
ment and vitamin C is not yet known. Both are o.xidizing-reducing 
agents, and it is probably through this property that they act together 
in defending the blood. 

JUDGING THE STATE OF VITAMIN C NUTRITION 

As the first step in determining vitamin (' requirements it is neces¬ 
sary to set up certain stamlards for comparison—a difficult task when 
mere prevention of scurvy is no longer the goal. At one end of the 
scale there should be a standard representing the amount of vitambi C 
that woidd prevent the first detectable sign of vitamin C deficiency. 
This would be the physiological minimum. At the other end there 
should be a standard repiesenting the amount that would result in a 
state of health that could not be bettered by further additions of 
vitamin C. This would be the optimum. In the wide zone between 
these e.xtrcrnes it might be advisable to set up another standard that 
would represent adequacy but not liberality and provide for fair 
health as contrasted with buoyant health. 

At present there are three yardsticks in use. singly or in combina¬ 
tion, for arriving at these more or less arbitrary standards. These are 
the capillary-resistance or fragility test, which measures the strength 
of the blood capillaries; determination of the vitamin C content of the 
urine, which measures the amount of the vitamin excreted and, in 
connection with knowledge of the vitamin content of the food, shows 
how much has been used or lost in the body; and determination of the 
vitamin C content of the blood, which shows how much of the vitamin 
is ordinarily in circulation. 

CAPILLARY-RESISTANCE TEST 

One of the first staiulards to be used involveil capillary resistance. 
It was assumed that the slightest evidence of a weakened capillary 
system, such as the production of tiny hemorrhages, called petechiae, 
under the skin on moderate pressure represented the border line be¬ 
tween an abnormal and a normal condition of vitamin C nutrition. 
The test consists in applying pressure to the upper arm by means of 
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an instrument similar to the familiar blood-pressure apparatus of 
physicians and counting the number of petechiae produced, or revers¬ 
ing the process and pumping air out by means of a tiiw suction cup 
and counting the petechiae produced by the suction. The two meth¬ 
ods are known as the positive (417) and negative (^4^) pressure 
methods, and standards for different degrees of vitamin C under¬ 
nutrition are based on the number of petechiae produced at a given 
pressure. 

It was first thought that the test would prove very practical for 
survey work with school children or any popiilation group, but it has 
not met with much favor in this country. One reason is that the 
capillaries may be weakened from other causes than lack of vitamin 
C. An even stronger reason, for which there is cause for congratula¬ 
tion, is that the vitamin C nutrition of people in this country is seldom 
low enough for this test. In more northern countries in which the 
supply of vitamin C-rich foods runs very low in the winter, a laige 
portion of the population is likely to react to the test before the winter 
is over. In Sweden, where the positive-pressure test was develope<l, 
it is said to be very useful as a means of detecting those most in need 
of vitamin C supplements (419). 

EXCRETION TEST 

As soon as the chemical nature of vitamin C became known and 
color tests were developed for measuring it in foods and body fluids, 
attempts were made to set up standards of normality by measure¬ 
ments of the amount excreted day bj day by healthy people. These 
tests have not been altogether satisfactory for many reasons, but 
particularly because of the great activity and instability of the vitamin 
and the possibility that the test measures other reducing substances 
as well as vitamin C. However, certain standards, based on the re- 
sidts of many studies in different parts of the world, are in use until 
more accurate ones can be developed. As these standards are always 
expressed in milligrams of ascorbic acid it may be well at this point to 
state that 50 milligrams of ascorbic acid corresponds to the amount 
of vitamin C furnished by about a scant half cupful, or about 4 fluid 
ounces, of orange juice. A small fruit-juice glass holds about this 
same volume. 

The procedure, which has been used very extensively, is to collect 
all the urine voided during a 24-hour period with elaborate precautions 
to prevent loss or destruction of the vitamin and measure the vitamin 
content of the separate or combined samples. Generally, the pro¬ 
cedure is repeated for 2 or 3 days and the results are averaged. For 
an adult an average daily excretion of about 13 milligrams of ascorbic 
acid has been considered by some investigators (S, 481) to indicate 
that the vitamin C intake has been barely enough to provide the 
minimum physiological requirement, while 20 milligrams indicates a 
fairly low but perhaps adequate intake, and 40 milligrams a liberal 
intake. These standards^ are being applied in some studies now going 
on in several State experiment stations in the Northeast and North¬ 
west. 

^ Unavoidable and unknown losses not connected with the use of the 
vitamin probably take place as it goes through the body, and it is also 
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possible that the t^t may measure other substances similar in certain 
properties to vitamin C. It is now customary, therefore, when possible, 
to follow up this measurement of vitamin C on the subject’s ordinary 
diet bjy similar tests made after he has taken a large dose of pure 
vitamin C—crystalline ascorbic acid. An increased output under 
these conditions cannot be attributed to anything but vitamin C. 
If the person undergoing the test has been taking as much vitamin C 
day by day in his diet as he can use, by far the larger part of the 
extra dose will appear in the urine witliin 12 or 24 hours. If there is 
no increase in the output following the test dose, it is almost certain 
that more vitainin C is needed, and the test dose is repeated for 
several days until there is a sudden and marked increase in the out¬ 
put of vitamin C. In the use of this method there has been so little 
agreement as to the size of the test dose, the method of giving it, the 
end point, and the fina,l calculations of tlie data that no one standard 
can be given at this time. The one most frequently used as repre¬ 
senting normal conditions is the excretion of 50 percent or more of a 
test dose of 300 to 500 milligrams v’itliin the first 24 hours, or of a 
dose half this size within 12 hours (o88). The test in a considerably 
shortened form is being used in judging the vitamin C nutrition of 
groups of people, particularly children (480). 

Analysis of the output of vitamin C may seem to be a roundabout 
method of estimating intake, but unless analyses for vitamin C are 
made of all foods eaten that may be expected to furnish appreciable 
amounts of this vitamin, the intake cannot be determined with any 
degree of accuracy because of the wide variations in vitamin C con¬ 
tent of the same food item (except possibly citrus fruits) as affected 
by variety and inetluxl of treatment. 

BLOOD TEST 

The third yardstick f»)r estimating the state of vitamin C nutrition 
is measurement of the vitamin C content of the blood in fasting 
condition, that is, sufficiently long after food has been taken that the 
immediate effects of the most recent supply of vitamin C are over. 
From many determinations on subjects of all jiges it has been found 
that the content of vitamin C in the blood of normal persons under 
these conditions does not vary with age but that within certain limits 
it is dependent on the previous dietary intake of vitamin C (6, 8, 4^0, 
926). The range extends from a minimum of about 0.6 milligram 
to a maximum of 1.5 to 2 milligrams or more per 100 cubic centimeters 
of blood. 

Generally speakhig a person whose blood has a vitamm C value of 
0.6 milligram is just about on the border line between inadequate 
and adequate vitamin C nutrition, and one whose blood has a value 
of at least 1.5 mUligrams is likely to have excellent reserves of the 
vitamin. According to some investigators (311) a blood content of 
0 to 0.4 milligram per 100 cubic centimetei's shows a very poor state 
of vitamin C nutrition; 0.4 to 0.8 milligram a moderately good state; 
0.8 to 1.2 milligrams a very good state; and above 1.2 milligrams an 
excellent state. From capillary-resistance tests and determinations 
of the vitamin C content of the blood in the same subjects (4i^\ it 
has been concluded that the blood values corresponding to the point 
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at which the capillaries first break down are as low as 0.14 milligram 
per 100 cubic centimeters, which is rather far down in the range of 
values just noted as showing a very poor state of vitamin C nutrition. 
This shows that the physiologically ininiimim requirement, as measured 
by capillary resistance, is considerably below the requirement for 
satisfactory nutrition. 

METHODS OF DETERMINING VITAMIN C*REQUIREMENTS 

The logical jirocedure for determining vitamin C requirements of 
any age group is to select normal healthy subjects and deprive them 
of vitamin C until their capillary resistance, blood, or urine values 
have dropped below the standards just discussed and then add the 
vitamin gradually until the standard values are again reached. This 
is a tedious process beset with many difficulties, open to many errors, 
and subject to many interpretations, but as a matter of fact most 
of the attempts that have been made to determine human require¬ 
ments have been based on some part of the general scheme here 
roughly outlined. 

The first application of this principle, and indeed the first attempt 
to use human beings instead of guinea pigs in the study of vitamin C 
requirements, was made in Sweden only 8 years ago by Gothlin (416), 
the investigator who has found the capillary-resistance test so useful 
in detecting vitamin C undernutrition in children. Following the 
plan exactly as outlined, he kept two adults on a milk-and-egg diet 
until their capillaries broke down under the test. Then step by step 
he built up the strength of the capillaries by small additions of orange 
juice to the milk-and-egg diet, until a point was reached at which 
the small hemorrhages, or petechiae, no longer showed when the test 
was applied. The amount of orange juice being fed at that point 
was considered to furnish the minimum physiological requirement of 
vitamin C. Later when pure ascorbic acid became available Gbthlin 
and his associates (418) repeated the test with similar results. 

The second yardstick, the content of vitamin C in the urine, has 
been used in so many ways that only one or two can be mentioned 
here by way of illustration. It was at first thought, quite naturally, 
that the dinerences between the vitamin C content of the food eaten 
and of the urine excreted would represent the amount used by the 
body, that is, the requirement; or that by adjustments in the amount 
consumed an amount would be found on which the body would be in 
equilibrium, with intake and output just balancing each other. Both 
of these methods have been used, but in the first there is the puzzling 
question of what becomes of some of the vitamin, for there is no con¬ 
stant relation between increased intake and output. The second 
method measures minimum or barely adequate rather than optimal 
requirements, and again there are discrepancies difficult to explain. 

Many investigators believe that optimal nutrition, the state of 
health which cannot be bettered, is best secured by giving all of the 
vitamin that the body can hold. This state is commonly called 
saturation and is measured by the spill-over of vitamin C into the 
urine that occurs after repeated large doses of the vitamin are given. 
The procedure being followed at the New York (Cornell) Agricultural 
Experiment Station {92a) in attempts to determine the saturation re- 
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quirements of young people illustrates this use of urinary-output 
values. 

The test consists in first saturating the subjects with vitamin C by 
daily intakes of 200 milligrams of ascorbic acid (equivalent in vit amin 
C to two cupfuls of orange juice) for 6 days, or until they are com¬ 
pletely saturated as shown bj^ a marked increase in output following 
a still larger dose of 400 milligrams. The entire test is repeated two 
or three times to get the average output of the saturated subject 
after a 400-milligram dose. Then a small daily dose is given for a 
week with a 400-milligram dose at the end—and the dose is gradually 
raised week by week until the output following the 400 milligrams is 
the same as in the preliminary saturation test. If repeated trials at 
this level give the same results the dose is considered to be the mini¬ 
mum allowance for saturation of the tissues. 

A definite relationship has been found between the initial vitamin C 
content of the blood and the total quantity of the vitamin required for 
saturation as just described. For instance, it has been found {Sll) 
that in persons with a vitamin C content of the blood of only about 
0.4 milligram per 100 cubic centimeters, saturation was not reached 
(as determined by a marked increase in output) until a total of 2,000 
milligrams of ascorbic acid had been given, whereas in persons with an 
initial blood value of 0.8 milligram per 100 cubic centimeters, only 
1,000 milligrams of ascorbic acid were required for saturation. Con¬ 
sequently, it is thought that the degree of vitamin C saturation of any 
subject can be estimated by a single blood determination in place of 
the tedious urinary-excretion tests. This would considerably shorten 
the method of determining saturation requirements. 

DOES SATURATION REPRESENT OPTIMAL VITAMIN C NUTRITION? 

This is a (question on which there is a decided difference of opinion. 
Some invest^ators feel that it is an unnecessary extravagance to 
push up the vitamin C intake until the body is saturated and can 
take no more. Some suggest that it may be actually harmful to do 
so, although others point out that the body takes care of, the excess 
by excreting what is not needed. As the beneficial effects of vitamin 
C in other ways than preventing scurvy are becoming more and more 
evident there is a growing tendency to push up allowances in order to 
provide for all emergencies. 

One of the most convincing arguments for generosity to the point 
of saturation in recommended allowances has recently been brought 
forward by Szent-Gybrgyi, the Hungarian investigator who discov¬ 
ered the unusual acid later identified with vitamin C. Szent-Gyorgyi 
{1118) has pointed out that a caged guinea pig kept in a laboratory 
away from sources of infection may get along in an apparently healthy 
condition on as little as 1.5 to 2 milligrams of vitamin C daily. Much 
more of the vitamin is needed, however, to protect the animal against 
bacteria or disease toxins, and as much as 20 to 40 milligrams a day 
for complete saturation of the tissues, as determined by the test-dose 
method just described for human beings. Furthermore and tins 
point is considered of great significance—this larger amount of vitamm 
C, from 12 to 20 times as much as the minimum protective dose, is no 
more than the guinea pig gets daily when it is allowed to eat all the 
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green food it wants. Probably the giiinea pigs that the Bureau of 
Animal Industry was using in the classic experiments described at the 
beginning of this article were getting 20 to 40 milligrams of vitamin C 
daily before the grass was no longer to be had, and it was not until 
“the disappearance of the grass in the fall of the year” that some of 
the animals “succumbed to an inoculation which otherwise might 
have had no visible effect.” , 

If the amount of vitamin C a guinea pig naturally consumes daily 
from its green food is the same as is needed to saturate its tissues, is 
not saturation the optimal state? Szent-Gyor^yi thinks that it is and 
that the same reasoning applies to human beings. It is not so easy 
with human beings as with guinea p^ to determine the “quantity of 
vitamin C naturally consumed,” for after infancy human diets are 
influenced by too many factors ever to be called natural. But if a 
saturation dose for a guinea pig more nearly corresponds to the 
amount it gets daily from its simple natural diet than does^ the mini¬ 
mum dose which keeps it healthy onljr when it is not exposed to 
infections, it would seem that saturation doses for human beings 
might safely be used as requirements for optimal nutrition. 

VITAMIN C REQUIREMENTS IN HEALTH 

INFANTS 

A perfectly healthy and happy breast-fed infant is presumably 
receiving an abundance of vitamin C from its mother’s milk. The 
word “happy” is used because irritability is one of the first symptoms 
of lack of vitamin C in infants. Breast milk from healthy women on 
satisfactory diets has been shown in numerous tests reported from 
many countries to furnish from 4 to 7 or 8 milligrams of vitamin C 
per 100 cubic centimeters (about 3K fluid ounces) during the first few 
months of breast feeding. Values below 4 milligrams indicate a very 
poor state of nutrition of the mother (68, pp. 8 - 24 ) and values above 
8 milligrams are seldom obtained even when the mother is on a diet 
very rich in vitamin C. 

Reported estimates of the amount of vitamin C breast-fed infants 
are actually getting have varied according to (1) the values within 
this range selected as corresponding most closely to actual conditions 
and (2) estimates of the volume of milk consumed, which can be de¬ 
termined only indirectly. The amounts range from 10 milligrams 
(during the first few days) to 50 milligrams of vitamin C a day re¬ 
ceived by the infant from the mother’s milk. As already noted, the 
latter figure, which probably represents the best conditions, is equiva¬ 
lent to the amount of vitamin C in about half a cupful or 8 tablespoon¬ 
fuls of orange juice. 

How do these figures compare with recommended allowances of 
vitamin C for infants? As late as December 1937, the Technical 
Comm^sion on Nutrition of the Health Organisation of the League 
of Nations recomniended (670) from 5 to 15 milligrams of vitamin C 
daily as the requirement for artificially fed infants. This would 
correspond to about one-third of an ounce to an ounce (2 tablespoon¬ 
fuls) of orange juice daily, a common recommendation in books on 
infant feeding. 
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It has recently been stated on good authority (46^) that “the mini¬ 
mal protective dose of vitamin C for the average healthy infant is 
about 10 milligrams per day.” As about 1 out of 20 of the more than 
400 infants under observation in the study from which this conclusion 
was drawn was said to have had scurvy in a mild degree at some time 
or other during the several months of observation on a vitamin C 
intake approximating 10 milligrams daily, this allowance appears to 
offer little or no margin of safety and should be considered the irre¬ 
ducible minimum for protection against scurvy rather than the 
minimum for satisfactory health. 

There is about as much difference between these recommended 
allowances and the amount of vitamin C a breast-fed infant under 
the best of conditions is getting as there is between the minimum 
protective dose of vitamin C for a guinea pig as established in labo¬ 
ratory tests and the amount a naturally fed guinea pig gets from 
its green food. 

The generous estimates of the infant’s vitamin C requirement 
based on the amounts received from mothers’ milk are supported by 
soine data from blood values and urine tests. Thus by several 
entirely different methods the vitamin C requirements for satisfactory 
nutrition of infants, not merely protection against scurvy, have been 
calculated to range from 20 milligrt^s (after the first few days when 
10 milligrams rnay suffice) to a maximum at the end of breast feeding 
of about 50 milligrams daily; or on a weight basis, from 3 to 8 or 
perhaps within the smaller limits of 5 to 6 milligrams for every 2.2 
pounds of body weight. 

As the more liberal estimates are based on the amount of vitamin 
C furnished in the day’s supply of breast milk of good quality, it is 
safe to say that the infant’s requirement for vitamin C can be met by 
breast feeding alone provided the mother herself is taking a generous 
allowance of vitamin C. However, if her diet is deficient in vitamin 
C, the vitamin C content of her milk may be too low for safety. 

This raises a question about pooled pasteurized mothers’ milk, 
now being distributed rather extensively in the larger cities, and the 
various modifications or formulas for cows’ milk. 

Samples of pooled pasteurized mothers’ milk as delivered to a hos¬ 
pital from a Directory for Mothers’ Milk in one of our large cities 
were found to contain only 0.3 milligram of vitamin C per 100 cubic 
centimeters, or less than one-tenth as much as fresh breast milk of 
average quality {572). According to a recent compilation of vitamm 
values prepared in the Bureau of Home Economics {265), the vita¬ 
min C content of cows’ milk ranges from 1 to about 2.6 milligrams 
per 100 cubic centimeters when pasteurized. It has been estimated 
{499) that by the time such milk has been diluted and modified for 
infant feeding, a day’s supply of 600 to 750 cubic centimeters will 
furnish not more than 6 milligrams of vitamin C. 

These figures would seem to afford evidence of the necessity of 
furnishing orange juice or some easily assimilable source of vitamin C 
to all artificially fed infants at a veiy early age, and the advisability 
of furnishing similar supplements to breast-fed infants when there is 
any doubt as to the quality of the breast milk. The United States 
Children’s Bureau, in its most recent edition of Infant Care {1208), 
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gives the following recommendations for vitamin C supplements in 
infant feeding: 

Orange juice (strained) or tomato juice or other source of vitamin C should be 
given to the baby before the end of the first month. The juices may be fresh or 
canned. Tomato juice may also be obtained by straining the pulp of fresh or 
canned tomatoes. 

If orange juice is used, begin with 1 teaspoonful a day. Gradually increase 
the amount until by the third month and thereafter*2 tablespoonfuls are given 
twice a day. Orange juice may be diluted with an equal amount of cool boiled 
water. 

If tomato juice is u.«ed, give twice as much as you would of orange juice. 
Begin with 1 teaspoonful twice a day and increase until by the third month 4 
tablespoonfuls arc given twice a day. Tomato juice is given without water. 

Grapefruit juice or lemon juice—but not prune juice—may be given instead of 
orange juice. Either fresh or canned juice may be used. Grapefruit juice and 
lemon juice are used in the same amounts as orange juice. They may be diluted 
with an equal amount, or more, of bailed water, and may be sweetened. Pine¬ 
apple juice may be used. If fresh juice is used, give twice as much as you would 
give of orange juice; if canned, give three times as much. Pineapple-juice need 
not be diluted. 

Occasionally fruit juices may cause some digestive disturbance. If it is cer¬ 
tain that the disturbance is due to a particular fruit juice, another juice may be 
given, or, if the baby is breast-fed, juice may be omitted for a few weeks. 

With 1 tablespoonful of orange juice furnishing about 7.5 milligrams 
of vitamin C, artificially fed infants given orange juice according to 
these recommendations will be getting vitamin C in amounts increas¬ 
ing gradually from 2.5 to 30 milligrams daily by the second or third 
month. The first solid foods given—cereal and egg yolk—at the fourth 
month will not furnish any additional vitamin C. The purged vege¬ 
tables and fruits added somewhat later will make a slight contribu¬ 
tion, as will baked potato, but these solid foods are gradually intro¬ 
duced into the diet in such small amounts that they cannot be de¬ 
pended on to furnish much vitamin C. Banana pulp is often recom¬ 
mended in infant feeding, particularly in case of digestive disturbances. 
Recent studies {682) of the vitamin C content of bananas at the stage 
of thorough ripeness necessary for infant feeding have shown that a 
banana of average size furnisnes from 6 to a little over 8 milligrams 
of vitamin C, or on the average about as much as 1 tablespoonful of 
orange juice. 

Breast-fed infants who are given the same vitamin C supplement as 
infants artificially fed may be receiving more than 60 milligrams of 
vitamin C daily after the second or third month if their mothers are on 
diets furnishing an abundance of vitamin C. After weaning it seems 
likely that these infants may actually be getting less vitamm C than 
during the period of breast feeding, for the amount furnished by the 
solid foods will undoubtedly be considerably less than has been fur¬ 
nished by breast milk. If orange juice is well tolerated, it would seem 
logical to increase the allowance gradually to a total at about 9 months 
of 6 tablespoonfuls (3 ounces or a little less than half a cup) daily. 
This would furnish about 45 mil%ram8 of ascorbic acid, an amount 
that still does not exceed what the infants may have been receiving 
from breast feeding. 

CHILDREN 

With the transition from breast feeding to a mixed diet it is no 
longer possible to estimate vitamin C requirements from food intake. 
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There have been very few studies of the actual requirements of 
healthy children based on any of the other methods described, al¬ 
though there are many reports on the vitamin C nutrition of healthy 
and sick children as determined by blood analyses and urinary out¬ 
put. The blood of children has the same range of vitamin C values 
as that of adults, and therefore the same standards apply. The out¬ 
put in the urine of healthy children depends directly on the intake. 

From the rather small amount of evidence available, it would seem 
advisable to use the same optimum allowance for preschool children 
through the period of most rapid growth as for infants—that is, 
5 to 8 milligrams for each 2.2 pounds of body weight. 

In both infants and young children the minimum requirements as 
thus far established are only about one-fifth the maximum allowance 
or saturation requirement (regardless of whether or not the latter 
should be considered the requirement for optimal nutrition). With 
the infant the range is from 10 to 50 milligrams, with the preschool 
child from 22 to about 120 milligrams. For the preschool child a full 
measuring cup of orange juice would be required to furnish the entire 
quota of vitamin C, but this is not necessary, for with increasing 
variety in the diet other foods contribute a considerable share of the 
total supply. In the study {360) from which the very high figure of 
120 milligrams was obtained, about one-tenth of the total vitamin C 
came from foods seldom considered as particularly good sources of 
this vitamin. Other foods might have been selected that would have 
furnished much more—quickly cooked young green cabbage in place 
of string beans, a dish of strawberries in place of some of the bananas, 
etc. It would have been possible to reduce the orange juice to half 
a cupful and furnish the rest of the vitamin in other ways. Again, 
the children in this study were presumably getting pasteurized milk. 
On the farm, milk may furnish a good share of the day’s vitamin C 
allowance to children who are accustomed to drinking generous 
amounts of fresh raw milk, which may contain as much as 26 milli¬ 
grams of vitamin C per liter (a little less than a (juart). 


ADULTS 


For adults as well as infants and children the range in estimated 
requirements of vitamin C appears to be extremely wide—from 19 
{ 4 IS) to over 100 milligrams, or a fourfold to fivefold increase from 
the physiologically indispensable minimum to the maxinium repre¬ 
sented by complete saturation." Between these limits various 
amounts have been recommended as standard allowances presumably 
representing requirements. The allowance of 30 milligrams daily as 
adopted by the Technical Commission on Nutrition of the league of 
Nations {670) seems dangerously near the physiological minimum on 
which close agreement was obtained by entirely different methods of 
approach. Even the frequently recommended allowance of 50 milli¬ 
grams should probably be thought of as barely adequate, with no pro¬ 
vision for individual differences in requirement and no margin of 
safety in case of illness or unusual demands. 


• In the Cornell University study referred to on p. 242 (9*a) the saturation ^wjjffente for the 7 young 
people studied have ranged from a total of 70 to over 100 milligrams of ascorbic ac d daily, or from about 
1 to 1.6 milligrams per kilogram of body weight daily. 
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For those accustomed to taking a glass of orange juice or other 
fruit juices, grapefruit, or fresh berries in season as a matter of 
course at every breakfast, there is little danger that the total daily 
intake of vitamin C from all sources will furnish less than 76 or 100 
milligrams daily. A small fruit-juice glass of orange juice furnishes 
about 50 milligrams, a full-sized glass or tumbler about 100 milli¬ 
grams. Even without the use of oranges, it is comparatively easy 
to assemble a variety of foods in a day’s diet that will furnish 100 
milligrams or more, particularly if tomatoes, raw or canned, or 
tomato juice are used. But unfortunately individual food tastes 
are such that a surprisingly large number of American people do not 
take advantage of the abundance of vitamin C foods at their disposal, 
with the result that their day’s intake may fall far below an allow¬ 
ance generous enough to provide for all demands. 

For checking family diets, the number of servings of a few foods 
known to be particularly good sources of vitamin C is perhaps as good 
a guide as can be suggested. For this the table of values on page 289 
is recommended. 


Pregnant and Lactating Women 

There is abundant evidence of a greatly increased need of vitamin C 
during pregnancy and lactation. A woman for whom a minimum 
requirement of 28 milligrams was established in the investigation 
of Widenbauer {1217) was found after becoming pregnant to need 
71 milligrams daily in the third and 67 milligrams in the eighth month 
of pregnancy. The slight drop in the later period may or may not 
be of significance, but even the smaller of the two figures during 
pregnancy is more than twice the value for the same woman when 
not pregnant. In a similar study on a group of healthy women in 
the eighth and ninth months of pregnancy {403) values ranging from 
33 to 64 milligrams were reported with the statement that not less 
than 100 milligrams daily should be considered as a safe allowance 
during this period. 

This means that if a woman has been on a vitamin C allowance of 
about 50 milligrams daily, she would need to double this during 
pregnancy—for example, by changing from a small to a large glass of 
orange juice daily. If, however, she has been in the habit of drinking 
a large glass of orange juice daily, or taking equivalent amounts of 
other vitamin C foods, it will not be absolutely necessary to increase 
this during pregnancy. In other words, the margin of safety of the 
saturation allowance over the barely adequate allowance may be 
sufficient to carry her safely through the period of pregnancy, although 
even the saturation allowance will no longer be optimal. 

In some instances it may be advisable to provide an additional 
niai^n of safety during this period even if it means taking some pure 
vitamin C in addition to food sources. Studies of the vitamin C in 
the blood plasma during pregnancy of two groups of women, one whose 
diets were carefully planned to provide an abundance of vitamin C 
and another of nearly the same number whose diets were not so care¬ 
fully planned {1124), showed a decrease in the vitamin C content of 
the blood as pregnancy advanced, even in the women on diets uni¬ 
formly high in vitamin C. 
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It is generally considered from observations on the vitamin C con¬ 
tent of the blood of mothers and newborn infants that when the 
vitamin C requirements are not mot in pregnancy the mother becomes 
depleted at the expense of the child, whose blood at birth is frequently 
considerably higher in vitamin C than that of the mother. The 
higher the content of vitamin C in the maternal blood the less is the 
difference between it tmd the blood of the newborn infant. As stated 
in a recent paper { 1124 ): 

The fetus in utero acts parasitically on the mother with respect to vitamin C. 
So long as appreciable amounts of ascorbic acid are present in maternal plasma, 
the fetus tends to take what it needs irrespective of the maternal requirements. 

During lactation the situation is somewhat different. Theoretically 
the complete vitamin C requirements of a nursing woman are met if 
she is able to produce milk of the highest vitamin C content possible 
and maintain a normal level of the vitamin in her blood, but if she 
receives too little vitamin C to meet both needs, the deficiency is likely 
to show first in a lowered content of the vitamin in the milk. Con¬ 
sequently, there are two ways of safeguarding against a deficiency of 
vitamin C in the mother and her breast-fed infant. One way is to 
add to the vitamin C allowance of adult women the calculated amomit 
in a day’s supply of breast milk of good quality. This additional 
allowance is estimated to be at least 50 milligrams daily. If the 
pre^iant woman has been in the habit of takmg a generous allowance 
of vitamin C, 100 milligrams or so daily, the additional 50 milligrams 
may not be necessary. The other way is to supplement breast feeding 
by giving the infant orange juice or some other easily assimilable 
soiirce of vitamin C at a very early age. In view of probable differ¬ 
ences in the ability of individual women to transfer vitamin C to their 
milk as well as differences in their own requirements for the vitamin, 
it would seem advisable to follow both means of safeguarding mother 
and child, that is, provide the mother with at least 100 milligrams of 
vitamin C daily and supplement the breast feeding by giving vitamin C 
to the infant. 

Old People 

With the general lowering of metabolism in old age it might be 
assumed that there woidd be a corresponding decrease in vitamin C 
requirements. There is some evidence, however, pointing to an even 
greater need of the vitamin—or at least to a greater use of it—in old 
age than in the prime of life. The old people who have thus far been 
studied {407, 481) were in a state of unsaturation, as sho^ in the 
first study by the small daily output of vitamin C in the urine and in 
the second by the large amounts of vitamin C that had to be given 
before there was an overflow in the urine. As these old people were 
either hospital patients or inmates of an institution, it is not possible 
to state whether the unsaturation was the result of a greater natural 
need of vitamin C in old age or of a poor state of health with unrecog¬ 
nized infections. . ... 

The old people in the second study were hving m an mstitution 
where the diet was considered good, great pains being taken to supply 
plenty of fruits and vegetables. However, following the treatment 
with pure vitamin C in the saturation tests, most of the subjects felt 
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much better and were able to do more work. Although no attempt 
was made to determine the actual requirements of old people for 
vitamin C, a rough estimate was given of 50 milligrams in comparison 
with 25 to 32 milligrams for younger subjects studied at the same time. 
Greater significance slioidd probably be attached to the relative than 
to the absolute values as suggesting a double allowance of the vitamin 
for old people. The low estimates for the younger subjects suggest 
that the investigators had in mind the minimum physiological rej^uire- 
ment and that the 50-milligram estimate should be considered in the 
same sense. 

If the margin of safety is considered in the double sense of a margin 
to cover variations in individual requirements and to meet unusual 
needs, it is quite probable that the saturation allowance of 100 milli¬ 
grams for adults affords a safe margin for the additional needs of 
vitamin C in pregnancy, lactation, and old age, but that it is no longer 
a margin of safety to take care of unusually high individual require¬ 
ments and the variations that are impossible to calculate in the 
vitamin C content of various items in the food supply. 

REQUIREMENTS IN DISEASE 

Vitamin C therapy has recently been described {1240) in terms of 
balancing a budget that has run into a deficit: “The deficit must first 
be determined, then it must be covered, and finally the budget must 
be kept balanced.” While it is not yet possible to determine just 
why there should be a deficit of vitamin C in certain diseases or 
pathological conditions, there is abundant evidence in the medical 
literature that such a deficit does exist and that the extent of it can 
be measured by the same yardsticks of blood and urine analyses that 
have been used to determine the state of vitamin C nutrition in 
apparently healthy subjects. Moreover, it has been shown by the 
same methods that it is possible to balance the vitamin C budget in 
illness as well as health but that this usually requires much larger 
deposits, or daily allowances, of the vitamin. 

To carry the analogy still further, the deficit of vitamin C in certain 
illnesses may not be due entirely to extra expenditures (increased use 
of the vitamin) but partly to lowered income (reduced intake) as the 
result of restricted diets. This was more often the case before 
vitamin C was known or its importance as a regular constituent of 
the diet was recognized—the days when sick people were told what 
not to eat instead of what to eat and physicians prescribed restricted 
diets to eliminate food constituents that were harmful in special 
diseases without realizing that in so doing they were produemg a 
state of vitamin C deficiency. 

The milk-and-egg diet for stomach ulcer as formerly prescribed 
without supplements is a good illustration of the use of a diet extremely 
low in vitamin C at a time when it is particularly needed to assist in 
the healing of the diseased tissues. Now it is considered that orange 
juice or tomato juice properly strained, and diluted if necessary, 
should be given as soon as possible for their vitamin C content. The 
proverbial gruels and the toast-and-tea diets of early convalescence 
with their complete lack of vitamin C illustrate failure to cover the 
deficit incurred during the illness. 
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Fortunately, with the present vogue for the generous use of fruit 
juices during illness and convalescence, diets at such times may be 
even richer in vitamin C than the customary diets in health. This 
is as it should be, for there is no question that a greater need results 
from an increased use of the vitamin by the body in ill health com¬ 
bined with a tendency toward a decreased food intake. 

While it is beyond tbe scope of this article to discuss the vitamin C 
requirements in disease at any length, as this subject more properly 
belongs in medical journals where excellent reviews are to be found 
(7, 911), a few illustrations will be given of studies that have shown 
quite definitely a greatly incrcjised need of vitamin C in certain 
pathological conditions. 

GINGIVITIS AND PYORRHEA 

The “pink tooth brush” slogan in popular advertising has done 
much to make people conscious of the disfiguring effect of a condition 
of the gums known as gingivitis, which causes bleeding at the slightest 
provocation. The word “pyorrhea” brings to mind the dreaded 
possibility of the loosening of teeth to such an extent that their removal 
IS inevitable. Recent studies on both guinea pigs and human beings 
leave little doubt that the first defense against both of these conditions 
is an abundance of vitamin C. 

Bleeding of the gums is one of the first symptoms of vitamin C de¬ 
ficiency to be noted in guinea pigs. This was described in the earliest 
mention of the condition brought about in guinea pigs by a diet 
lacking in green food (1084). A greater tendency to bleeding of the 
gums in human beings at some times than at others may well be due 
to marked changes in the vitamin C content of the diet, as in traveling 
in countries where fresh fruits are not to be had. In addition to such 
observations, which do not afford definite proof, there are case reports 
in the medical literature showing a relation between bleeding gums 
and low output of vitamin C in the urine, with cure of the condition 
and a return to higher values in urinary output following a marked 
increase in the vitamin C content of the diet. In one such case (704) 
improvement did not take place until the patient, a young woman, 
had been given 250 milligrams of vitamin C daily in the form of 
tomato juice and mixed citrus fruit juices! After 5 weeks on this 
diet the condition of the gums became normal and the output of 
vitamin C in the urine rose from very low values to approximately 
30 milligrams daily, an amount within the normal range. 

For some time interest in the changes in the inner structure of the 
teeth and in the soft tissues about the teeth in guinea pigs on diets 
deficient in vitamin C and the application of these findings to similar 
conditions in human beings overshadowed the more serious results of 
vitamin C deficiency in the bony structure holding the teeth in place. 
Recent studies on guinea pigs given graded amounts of vitamin C 
from traces up to enough for normal nutrition (146) have shown that 
in both acute and chronic vitamin C deficiency changes take mace 
in these structures (the alveolar bone tissues) identical with those 
observed in human beings suffering from the more severe type of 
pyorrhea known as pyorrhea alveolaris (149). The extent of the 
changes in the guinea pig tissues depended upon the degree of vitamin 
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C deficiency. The identity of the conditions in guinea pig and man 
and its relationship to lack of vitamin C was further shown by the 
low blood levels of vitamin C in patients with pyorrhea of this type. 

In discussing these studies and their significance at a dental society 
meeting ( 144 ), of the investigators expressed the opinion that 
vitamin C deficiency is the only nutritional deficiency that produces 
the characteristic features of this type of pyorrhea m experimental 
animals and that in human beings vitamin C is essential to the main¬ 
tenance of healthy oral tissues. He took pains to say, however, that 
vitamin C is not a panacea for all dental ills and in pyorrhea should be 
considered as a prerequisite and not a substitute for other treatment. 
His recommendation was that in such conditions blood determinations 
for vitamin C should first be made, and if a deficiency is found to exist 
it should be remedied by the administration of ascorbic acid before 
other treatment is instituted. But how much better is “an ounce of 
prevention than a pound of cure”! A liberal allowance of vitamin C 
m the diet at all times may be the means of preventing the necessity 
for the massive doses of the pure vitamin required after pyorrhea has 
been established. 


STOMACH ULCERS AND WOUNDS 

Stomach ulcers and wounds, including wounds produced in surgical 
operations, have been grouped together because the principle under¬ 
lying the use of extra vitamin C as a therapeutic measure is the same— 
the ability of the vitamin to hasten reparative processes in the tissues 
either through its control of intercellular metabolism or through its 
oxidizing-reducing properties. Whatever may be the mechanism, the 
results are quite spectacularly demonstrated in guinea pig experiments. 

In one such test (413) use was made of the property ascorbic acid 
has of reducing silver nitrate, which then forms a black stain. When 
the silver nitrate test is applied to various organs of guinea pigs, 
black granules appear wherever vitamin C is present. They are most 
abundant in glandular organs but are also found in muscle tissue and 
skin. When two groups of guinea pigs, one on vitamin C-deficient 
diets and the other on a normal diet reinforced with 100 milligrams 
daily of vitamin C, were given artificial wounds, the content of vitamin 
C in the various organs of the group on the diet low in the vitamin 
was very low and none could be detected in the skin and wound tissues, 
which showed little formation of new tissue. In the other group, 
which had received vitamin C far in excess of ordinary requirements, 
the content of the vitamin in the various organs was high, formation 
of new tissue in the wounds had taken place rapidly, and most signifi¬ 
cant of all, black staining of the granulations and adjacent skin showed 
the presence of vitamin C where the healing had been taking place. 

Although there have been many suggestions of the probable value 
of extra vitamin C after operations, including particularly removal of 
the tonsils and tooth extractions, there are as yet few case reports on 
its use. Recently a case has been reported (618) of an operation on an 
infant in whom healing of the wound was apparently stimulated 
within 24 hours after the administration of a single massive dose (300 
milligrams) of ascorbic acid by injection in the veins. In a review of 
a few other scattered cases the statement is made (7): “From the 
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evidence presented one may conclude that vitamin C has an important 
role in the healing of surgical wounds. When a liistory of low vitamin 
C intake or a low plasma value is obtained preoperatively [before an 
operation], it would seem logical to administer vitamin C” both before 
and after the operation. These suggestions for the medical profession 
are quoted simply to illustrate one of the many advantages accniing 
from a regular intake of vitamin C considerably in excess of minimum 
physiological requirements, for under such conditions this special 
treatment might not be so necessary. 

The existence of a vitamin C-deficiency state or, possibly, the 
increased use or disappearance of vitamin C in persistent cases of 
stomach ulcer has been proved in human subjects by the use of all 
three of the yardsticks of measurement already noted—the capillary- 
resistance test (/55), output in the urine following test doses of vitamin 
C {26, 666), and blood plasma values (573 )—and by all of these tests 
on the same subjects {932). The general recommendation which has 
come from these studies is the liberal use of vitamin C in some easily 
assimilable form—prefaced, if necessary, by a few large doses of the 
pure vitamin to make up for the original deficit. This follows the rule 
cited at the beginning of this section of first determining the deficit, 
then balancing the budget, and finally keeping up the balance. 

INFECTIOUS DISEASES 

It seems fitting to end this discussion of vitamin C requirements by 
considering the effect of infectious diseases on requirements, for this 
takes us back again to the guinea pigs which 45 years ago in the labora¬ 
tories of the Bureau of Animal Industry were killed by the inoculation 
of an amount of an infectious organism they should have been able to 
resist. Since that time there have been reports too numerous to men¬ 
tion of the lowered resistance to various infections of guinea pigs on 
diets deficient in vitamin C, and of lowered values in the blood content 
and urinary ouput of vitamin C in human beings suffering from a 
variety of infectious diseases. 

In the most recent review available on this subject {72J^) rheumatic 
fever, pulmonary tuberculosis, diphtheria, and pneumonia are listed 
as infectious diseases in the prevention and cure of which vitamin C 
“undoubtedly plays a significant part,” although “there is no un¬ 
equivocal evidence that this nutrient has a specific role in the preven¬ 
tion or cure of any of them.” 

It is probable that the failure of intercellular substances to set to a 
jell in the absence of sufficient vitamin C accounts for lowered resist¬ 
ance to infections through breaking the first barriers of defense, as 
suggested earlier in this article. It is possible that the disappearance 
of vitamin C during the progress of infectious diseases accompanied 
by fever, as is usually the case, is due partly to the increased metabo¬ 
lism producing the nse in temperature. Evidence is increasing, how¬ 
ever, that vitamin C does play an important part in the immunity 
defenses of the body and that increased allowances are nece^ary when 
these defenses are called into action to combat infections. The 
evidence is particularly strong in diphtheria, for it has been reported 
that in guinea pigs injected with diphtheria toxin the survival period 
was proportional to the amount of vitamin C the animals had been 
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receiving {6S0 ); that when vitamin C and diphtheria toxin were mixed, 
the toxin after a time lost its strength and the vitamin was destroyed 
{604)’, that when large doses of the vitamin—500 to 700 milli¬ 
grams daily—were injected in the veins of human patients suffering 
from toxic diphtheria, little of the vitamin appeared in the urine 
{886). Although the only favorable effect noted as resulting from this 
large dosage of vitamin 0 in the human patients was on hemorrhages, 
particularly nose bleed, the evidence was thought by the reviewers 
{724) to suggest “unequivocally that ascorbic acid siiould be fed in 
generous amounts in diphtheria, as a means of preventing a deficiency 
of this nutrient in the tissues if not as a definite therapeutic measure.” 

The same conclusion might be drawn for puhnonaiy tuberculosis, a 
disease in the dietary treatment of which orange juice or tomato juice 
has long been used. Many studies have been reported in which low 
outputs of vitamin C were obtained in patients with pulmonary tuber¬ 
culosis on diets which would ordinarily result in a fairly high output. 
In two such studies {2, 757), when the cases were grouped according 
to the activity of the disease, it was found that the more active the 
disease the lower the output of vitamin C on a given intake. In the 
second of these reports an estimated 55 to 138 milligrams of ascorbic 
acid was given daily as the amount required “to bring a tuberculosis 
patient into equilibrium as regards vitamin C nutrition.” 

In a comparison of a small group of tuberculous and healthy children 
of the same age it was found {170) that the average daily output of 
vitamin C by the tuberculous children was only about 6K milligrams 
and of the healthy children 30 to 35 milligrams.^ 

The examples cited are sufficient to indicate that the margin of 
safety furnished by the so-called saturation allowances in health may 
be none too generous to meet the greatly increased demands in certain 
pathological conditions. 

SOME RECOMMENDATIONS BASED ON PRESENT KNOWLEDGE 

There are many unanswered questions that make it difficult to give 
requirements for vitamin C with certainty. To quote again from the 
most recent edition of The Newer Knowledge of Nutrition {724): 

Adequate evaluations of ascorbic acid requirements are dependent upon objec¬ 
tive methods of determining the health status in relation to ascorbic acid ingestion. 
Defects in the determination of either the health status or the amount of ascorbic 
acid ingested make it impossible to evaluate the requirements. 

To these difficulties may be added lack of knowledge as to the fate 
of some of the ascorbic acid ingested. Does the difference between 
intake and output always represent the quantity used by the body in 
meeting its requirements for vitamin C? Obviously not m view of the 
instability of the vitamin and the wide ranges in values reported under 
conditions in which more constant results might be expected. Does 
saturation of the tissues represent optimal vitamin C nutrition? 
Though there are good arguments for answering this question in the 
affirmative, there is lack of agreement. 

It seems reasonably certain, however, that the minimum and maxi- 

^ When pure Wtamln C was given to both groups in daily amounts of 60 milligrams per child, the highest 
average daily output reached by the tuberculous children was only 23 milligrams after 24 days during which 
a total of 1,200 milligrams of vitamin C had been taken by each child, while in the healthy group the average 
output rose to 70 milligrams on the 2d day after a total intake of only 100 milligrams. 
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mum values which have been reported may be considered to represent 
a range in allowances ct)vering requirements from the physiologic 
minimum, which should never be lowered, to the optimum, the 
state of nutrition that cannot be bettered. For the various age 
groups these ranges between minimum and optimum appear to be as 
follows in terms of daily allowances: 

Infants through the age of breast feeding (from birth to 9 months)—minimum, 
10 milligrams; suggested optimum, 50 milligrams. ’ 

Children, 9 months to about 6 years—minimum, increasing gradually to about 
20 milligrams; suggested optimum, increasing gradually to about 100 milligrams. 

Older children—no data available; the allowances for adults are suggested. 

Adults—minimum, 28-30 milligrams; suggested optimum, 100 milligrams 
or more. 

Pregnant and lactating women—minimum, at least 50 milligrams over the 
minimum for other adults. 

Elderly people—minimum, 50 milligrams. 

For convenience in visualizing these quantities, some approximate 
equivalents of vitamin C and orange juice are repeated below: 

Vitamin C Orange juice Vitamin C Orange juice 

Milligrams: Milligrams—Continued. 

2J^_ - -- 1 tcaspoonful. 50__)4 cupful. 

lYi _ _ 1 tablcspooiiful. 100 . ,_ _. 1 cupful. 

12)4_... .. 1 fluid ounce. 

In terms of body weight, allowances have been estimated to range 
from 3 to 8 milligrams per kilogram of body weight for breast-fed 
infants receiving no other supplements; about 7 milligrams per 
kilogram for maximum retention in preschool children; and from less 
than 0.5 milligram per kilogram for the physiologic minimum require¬ 
ment to about 1.7 milligrams per kilogram for saturation in adults. 

From these figures it may be assumed that the daily allowances 
shoidd remain about the same in terms of body weight through the 
periotl of growth, anti that the requirements for adults, although 
somewhat higher in total amounts than for children, are not more 
than one-fourth as much per unit of weight. 

Allowances that are barely adequate for women should be increased 
by at least 50 milligrams daily during both pregnancy and lactation. 
Saturation allowances may provide sufficient vitamin C for these pe¬ 
riods but with a decidedly reduced margin of safety to meet individual 
differences in requirement or unexpected losses. 

Saturation allowances would seem advisable wherever possible 
because of the margin of safety they affonl for emergencies of various 
kinds. Additional vitamin C in excess of the highest estimates for 
health may prove of great help after operations, in diseases involving 
damage to active tissues, and in infectious diseases. 

VITAMIN D 

byFraderick W. Irish« 

Vitamin D regulates the metabolism of calcium and phosphorus in the 
body, and thus is concerned in the pniper formation of bones and teeth. 
The mechanism by which vitamin L) functions has not been determined 
with finality, but it is believed that in some way it facilitates the 

• Frederick W'. Irtoh is Associate Chemist, Food and Drop Administration. 
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absorption of calcium and phosphorus from the alimentary tract. It 
does not decrease the minimum requirement for calcium and phos¬ 
phorus, however, and cannot produce good retention of these minerals 
m a person who receives too little of them. 

EFFECTS OF VITAMIN D DEFICIENCY 

Because of the relationship of vitamin D to calcium and phosphorus 
metabolism it would be natural to expect the need for it to be most 
evident at that period of life when the formation of bone from the 
calcium and phosphorus of the food is in niost active progress. This 
period occurs during infancv and early childhood, when the soft car¬ 
tilaginous bones of the newborn infant are being converted into firm, 
liard bone and at the same time the skeleton is undergoing consider¬ 
able linear growth; and it is at this age that the characteristic vita¬ 
min D-deficiency disease—rickets —develops. 

This disease of infancy has in the past been very prevalent in this 
country, and it is still an ever-present menace to infants whose diets 
are not adequate with respect to calcium, phosphorus, and par¬ 
ticularly vitamin D or its equivalent—adequate exposure to direct 
sunlight. For this reason the cause and treatment of rickets in infants 
have been the objects of intensive study by physicians and other inter¬ 
ested scientists, and considerable information is now available regard¬ 
ing them. 

In older children and adults the results of possible vitamin D 
deficiency do not manifest themselves in such a striking manner. As 
a result there has not been such an extensive study of the vitamin D 
requirements of these age groups, not only because the stimulus to 
carry on such studies was not as great, but also because definite 
criteria for detennining the presence of vitamin D deficiency among 
individuals of these age groups do not exist. 

SUBSTITUTION OF SUNLIGHT FOR DIETARY VITAMIN D 

In discussing the dietary requirements for vitamin D it is always 
necessary to bear in mind that exposure of the body to direct rays of 
the sun serves the same purpose as the ingestion of vitamin D in the 
form of food materials or medicinal preparations. 

A sterol, the precursor of vitamin D, is present in the skin, and 
probably in almost all animal tissues and cells, along with a related 
substance, cholesterol. In the presence of sunlight this sterol is 
activated, or forms vitamin D.® The antirachitic effect of sunlight is 
dependent on the intensity of the ultraviolet radiations in the light. 
This varies with a number of factors, prominent among which is the 
altitude of the sun above the horizon. This explains in part the 
greater incidence of rickets and the increased requirement for vitamin 
D from dietary sources during the winter and early sjiring, when the 
sun’s altitude is low and in addition both the number of days of sun- 
sliine and the opportunity for exposure are likely to be restricted. 
The antirachitic effects of sunlight are decreased in the case of Negroes 
and certain dark-skinned white races, so that, unless tliey receive 
additional exposure to sunlight, the vitamin D requirement of such 
individuals is greater than that of lighter-skinned persons. 

* For footnote see f^ing page. 
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Tlio extent to which vitamin D can be stored in tiie human body 
lias not been investigated. However, evidence obtained from animal 
experiments indicates that vitamin D is stored to a considerable 
extent in the animal body, and if tins is also true of human beings, it 
may be that vitamin D stored during the summer months, from ex¬ 
posure to sunlight when it is most potent, may exert a protective 
influence over a considerable portion of the year. 

In other words, ex[)osure to sunshine can replace a jiortion or all 
of the vitamin D that is recpiired when this substance is obtained 
solely from dietary sources. In discussing vitamin D requirements 
and in planning studies designed to determine these requirements it 
is therefore essential that due consideration be given to this fact. 

VITAMIN D REQUIREMENTS 

The vitamin D recpiirements of infants given below were determined 
in studies made during the winter months when the influence of sun¬ 
shine was at a minimum or under conditions that prevented exposure 
of the infants to direct sunshine. The limited data available with 
respect to older children were obtained under conditions permitting 
the exposure to sunshine normal for children of their ages. 

In spite of the extensive work that has been done a certain lack of 
agreement still remains among authorities regarding the minimum 
vitamin D requirements of infants and young children. This arises in 
part from the use of different criteria in judging the adequacy of a 
particular vitamin D intake. Some investigators have used protec¬ 
tion from rickets as the .sole criterion, while others have combined this 

^ There are several sterols which iKissess this property to a greater or lesser degree, but only two of them 
are at present considered of im{K)rtance in connection with human nutrition. They are used to make two 
forms of vitamin D. One of these is prepare<l by the activation of ergosterol by treatment with ultraviolet 
light, or by other means, and h;vs been cjilled cjilciferol and also vitamin l)». The structural formula of 
Ciilciferol follows: 

Me Me Me 



The other comioiind has been prepared artiftcially by the irradiation of 7-l)ehydro-cholesterol, and such 
chemical studies as have so far been carried out indicate that this is the form of vitamin D that predomina^s 
in animal and flsh oils. This comt»oiind is known as activates! 7-Dehydro-cholesterol and as vitamin Di. 
The structural formula of activated 7-l>ehydro-cholesterol follows: 

Me 

/ 

MeCHCHjCHrCHjCH 



141394** —ai)-18 
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with other criteria, such as growth or the amount of calcium retained 
by the body. 

The smallest amount of vitamin D that has been reported as effec¬ 
tive in healing rickets in infants is about 90 U. S. P. (United States 
Pharmacopoeia) unitsof vitamin D daily in the form of milk 
from cows fed irradiated yeast. However, the healing process with 
this vitamin D intake was much slower than-when larger amounts 
were fed. 

Another investigator reports 135 U. S. P. units daily of vitamin D 
from an animal source administered in milk as eflective in preventing 
rickets in infants. This same investigator, however, recommends 
the administration of from 300 to 400 units daily to infants in order 
to assure proper growth and calcium assimilation. 

An extensive clinical study involving the use of various sources 
of vitamin D, such as cod-liver oil, viosterol, and vitamin D milk, 
led to the conclusion that 675 U. S. P. units of vitamin D daily 
approximated the minimum protective level for infants under 1 year 
of age. 

Other workers have interpreted the results of their investigations 
as indicating the daily vitamin D requirements for infants to be 300, 
400, 450, and up to as much as 700 to 800 U. S. P. units. 

It would appear after reviewing the above data that sufficient 
vitamin D to meet the requirement of infants will be insured by 
administering the average dose of cod-liver oil recommended in the 
United States Pharmacopoeia and bv the Council on Phannacy and 
Chemistry of the American Medical Association in the publication 
New and Nonofficial Remedies—that is, 2 teaspoonfuls daily. This 
amount of cod-liver oil of the nunimum vitamin D potency required 
by law contains 624 U. S. P. units of vitamin D. 

While the amounts of vitamin D discussed here are intended 
primarily for artificially fed infants, there are some authorities who 
believe that breast-fed infants should receive comparable vitamin D 
supplements. Others do not believe it to be necessary to supple¬ 
ment the diet of a breast-fed infant when the mother is receiving an 
adequate diet. 

Premature infants probably require appro.ximately twice as much 
vitamin D as full-term infants. 

As already indicated, there are no definite criteria by which to judge 
the adequacy of vitamin D intake of older children and adolescents, 
and consequently knowledge of their vitamin D requirements is 
naeager. Some investigators who have attempted to estimate the 
vitamin D requirements of older children by studies of growth and cal¬ 
cium retention have reached the conclusion that between 300 and 400 
U. S. P. units of vitamin D daily are required, particularly during the 
season when exposure to direct sunshine is limited. 

There is quite convincing evidence that an adequate intake of cal- 


nf7h^ animals by means of bin-assays, which con.slst of comparisons 

hi rin« of ® toown source of vitamin D. The results of these assays arc cxpr«.sse<i 

in units. One of the most widely used units, particularly in foreiirn countries and tn a nnnAirinraMA awiati* 
in this country, is the International Unit. Irho International Unit is defined’as the biological activity of a 
very small quantity (0.025 microgram) of calciferol. The unit most widely used in this country is the United 
Vitamin D. This unit is identical with the Internation^^^^^ 

** fjetermining vitamin D potency in these units a reference cod-liver oil i’s used that has 
been carefully standardized against the international standard calciferol. 
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ciuin, pliospliorus, and vitamin D is of importance in connection with 
the prevention of dental caries (decayed teeth), particularly among 
growing children. Studies made on a large number of children in 
orphanages in and immediately adjacent to New York City with a 
view to determining the influence of vitamin D on the inculence of 
dental caries indicate that approximately 800 U. S. P. units of vitamin 
1) daily arc required to prevent an increase in the incidence of caries 
during the winter and spring periods. On the other hand, the children 
who were observed over a summer-vacation period during which no 
vitamin D supplement was supplied did not develop new caries to a 
significantly greater extent than did those receiving the 800 units daily 
<luring the winter and spring. This indicates that children of school 
age can receive adequate vitamin D effects from sufficient exposure to 
summer sunshine, even in large cities in the northern portion of this 
countrv where the intensity of the sun’s rays is diminishetl by smoke 
and other forms of air pollution. 

The optimal vitamin D requirement for adults has not been deter¬ 
mined. In fact, many authorities believe that it is unnecessary to 
administer this vitamin to adults otlier than pregnant and lactating 
women, for whom the T^eague of Nations Healtli Organisation has 
recommended a diet and cod-liver oil supplement supplying some¬ 
what more than 300 units of vitamin D a day. Other authorities 
have recommended that nursing women should receive at least 800 
units daily. Aside from pregnant and nursing women, adults prob¬ 
ably obtain sufficient vitamin D solely from exposure to sunlight. 
In any event, there is no concrete evidence to indicate that most grown 
jiersons, including indoor workers who have a minimum of exposure 
to the sun, suffer from vitamin U deficiency. 

From this discussion it can readily be seen that any statement 
regarding human vitamin D requirements must be made with a num¬ 
ber of qualifications, and that further information on this subject 
is much needed, particularly in regard to the requirements of adults. 
The following tabulation represents the best estimate of requirements 
that can be made on the basis of the information now available: 

Number of U. S. P. units 


Infants: of vitamin D daily 

Artificially fed_ 300-800 

Breast-fed- - 300-400 

Premature- 600-800 

Children and adolescents-- 300-800 

Adults__ . . - ? 

Pregnant and lactating women-- - - - 300-800 


VITAMIN E 

by E. M. Nelson » 

The vitamin E requirement of man is not known. That the rat needs 
vitamin E cannot be questioned, but there is very convincing evidence 
that the goat will reproduce normally without vitamin E in its ration. 
Some clinical evidence suggests that certain cases of habitual abortion 
in the human species may be due to vitamin E deficiency but it has 

E. M. Nelson is Chief, Vitamin Division, Food and Drug Administration. 
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not been established beyond reasonable doubt that man needs this 
vitamin. 

It has recently been reported that a substance having the properties 
of vitamin E has been synthesized in the laboratory, and it is believed 
that there are at least three closely related compounds having the 
same properties. 

VITAMIN E NEEDS OF THE RAT 

The use of the rat in nutrition studies has increased very rapidly 
during the past 50 years. As knowledge about various nutritional 
essentials developed, it became possible to use greater proportions of 
pure substances in experunental diets, and as these diets became more 
highly purified the need for certain substances could be demonstrated. 
About 20 years ago it was observed that rats fed highly purified diets 
frequently failed to reproduce even though their growth rate and gen¬ 
eral condition seemed to be entirely satisfactory. This observation 
prompted investigations to determine whether the rat required some 
particular substance in its food for successful reproduction, even 
though there was no known deficiency in the diet. Extensive study 
led to the discovery, about 15 years ago, that the rat will not reproduce 
unless its ration contains a substance which was subsequently named 
“vitamin E.” 

Vitamin E deficiency manifests itself in the rat by failure of the 
female to give birth to living young even though there appears to be no 
interference with conception and early growth in the uterus. Usually 
the young are not bom but are resorbed in the uterus. This resorption 
begins a few days before the termination of the gestation period. In 
the male rat there are changes in the tissues of the testes, and the 
ability to produce living spermatozoa is lost. 

The rat is used in determining the presence of vitamin E in foods, 
and the relative quantity can be determined with some degree of 
accuracy. Young female rats are fed a diet complete in all respects 
except for this vitamin. After a suitable interval of time they are 
bred with males of known fertility. The substance to be tested may 
then be given in a single dose or fed in desired amounts daily during 
the gestation period. The siiccess of the females in producing living 
young when fed different quantities of the substance tested is a meas¬ 
ure of the amount of vitamin E fed. 

HUMAN NEED FOR VITAMIN E UNDETERMINED 

It cannot be stated that becaiise the rat needs vitamin E man also 
must have this vitamin in his food to assure successful reproduction. 
In studies conducted at the Iowa Agricultural Experiment Station, it 
has been possible to raise five generations of goats on a ration which 
by repeated tests on rats was shown to be free from vitamin E. Even 
the muscle tissue and milk from these goats were free from demon¬ 
strable traces of vitamin E, though the vitamin is readily shown to be 
present in the miiscle tissue and milk of goats fed rations containing 
the vitamin. This seems to be satisfactory evidence that species 
other than the rat do not necessarily need to have this vitamin pro¬ 
vided in their food. 

Studies on human requirements for vitamin E have been confined 
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largely to investigations of the effect of ingestion of wheat-germ oil in 
cases of sterility and habitual abortion in women. These studies 
indicate quite definitely that wheat-germ oil is of no value in the treat¬ 
ment of sterility. Habitual abortion has been defined as repeated 
abortions occurring in early stages of pregnancy. No reports have 
been published of clmical studies conducted in this country to deter¬ 
mine the value of vitamin E iii the treatment of habitual abortion. 
The papers that have been published in foreign journals indicate that 
wheat-germ oil was beneficial in approximately three-fourths of the 
cases of habitual abortion that were treated. It seems fair to state 
that the interpretation of these investigations is rather difficult be¬ 
cause of the lack of a precise control of the variable factors in such 
clinical studies. Of further importance in applying these observations 
is the fact that the number of cases of habitual abortion is very low. 

A review of the literature published to date leads to the conclusion 
that it has not been definitely established whether or not man requires 
vitamin E, though there is some evidence indicating that this vitamin 
may be needed. If the occurrence of habitual abortion is taken as a 
criterion of vitamin E deficiency, the number of cases of actual 
deficiency must be very small. If this vitamin is needed by man, 
it is found in so niany of the foods generally consumed in this country 
that a deficiency is not likely to occur. 


RIBOFLAVIN 


by Lela E. Booher» 

Riboflavin is now the generally accepted name for the water-soluble, 
yellow-pigmented vitamin that occurs in a wide variety of natural 
foods. In years past this vitamin has been designated by a number 
of different names, including lactoflavin, vitamin G, and vitamin 
B 2 —the last by English and German investigators. “Fla vin” is derived 
from the Latin word “flavus,” meaning yellow; the emling “in” 
implies that these yellow pigments contain nitrogen. The prefix 
“ribo” (or “d-ribo”) identifies riboflavin as a particular member 
of this class of pigments that contains also the residue of a particular 
sugar, d-ribose. 

DISCOVERY OF THE VITAMIN, RIBOFLAVIN 


The first scientific account (ISl) of the water-soluble yellow pig¬ 
ment in milk appeared in 1879. Not until almost 50 years later did 
this pigment again receive scientific consideration. Its more obvious 
properties were described in 1925 {128), but its real significance 
remained obscure until about 5 years ago. 

Independently and almost simultaneously, in 1933, American {IS^) 
and European {316, 661) investigators announced the discovery of 
the biological significance of this pigment. _ 

Early attempts to rear animals on a diet of purified protem, fat, 
carbohydrates, and inorganic salts met with complete failure. But if to 
tliis diet were added small quantities of milk whey and butterfat, the 
animals began almost immediately to grow and to show every appear- 


'• Lela E. Booher Is Chief. Foods and Nutrition Division, Bureau of Home Economics. 

'»Reference C«9) was published in Oermany In February; reference (661) in Oern my in April, reference 
US4) in North America in September. 



262 


YEARBOOK OF AGRICULTURE, 1939 

ance of being well nourished. It required nciirJy 20 ycai’s of active 
research before it became known that the water-soluble yellow pig¬ 
ment in whey was one of the vitamins that contributed to the suc¬ 
cessful rearing of animals on a simplified diet. • i • i 

Step by step the proteins, lactose, fats, and inorganic salts in whey 
were eliminated, leaving at each step a product more intensely yellow 
and more concentrated in vitamin activity {134)- Riboilavin was hret 
isolated in pure crystalline form from egg whites by Kuhn and his 
coworkers (651). Isolation of riboflavin from milk and many other 
plant and animal sources quickly followed as a result of thfe work of 
many investigators. .... , . 

Success in recognizing the vitamin activity of the whey pigment 
was greatly favored by increased knowledge of other vitamins neces¬ 
sary for growth and well-being. As an abundance of other vitamins 
was added to simplified diets in concentrated forms, the need for the 
water-soluble yellow pigment of whey stood out in bolder relief. 
Young albino rats receiving adequate quantities of all the other 
vitamins necessary for growth except riboflavin begin to lose hair 
around the eyelids, which gives them a spectacled appearance. The 
loss of hair progresses until often the animal is almost entirely denuded. 
Meanwhile the skin, particularly on the paws, cars, nose, and around 
the mouth, becomes inflamed and swollen—a condition known as 
dermatosis—and sooner or later the tips of the toes darken, become 
very dry, and drop off at successive joints. Addition of very small 
quantities of riboflavin to a diet adequate in other respects i)romptly 
restores growth, produces a thick, sleek coat of hair, and cures the 
dermatosis. 

PROPERTIES OF RIBOFLAVIN 

Crystals of riboflavin are yellow-orange in color and form needle- 
shaped clusters as the alcohol is evaporated from an alcoholic solution 
of riboflavin (fig. 3, A and B). Many concentrated solutions of ribo¬ 
flavin exhibit a bright-yellow color, and at the same time some of the 
light illuminating them becomes a bright green. If light of short 
wave lengths only (ultraviolet light), which the eye does not see 
directly, is used to illuminate riboflavin solutions in a darkened 
room, this green coloration is very pronounced. This so-callctl 
fluorescent property, which enables a substance to absorb light ancl 
change its color, is characteristic of riboflavin. Addition of eitlier 
acid or alkali to a water solution of riboflavin decreases the intensity 
of its green fluorescence. 

The vitamin activity of riboflavin is gradually destroyed by ex¬ 
posure to ordinary light, which also causes its yellow color to dis¬ 
appear. Many chemicals also reduce the color of riboflavin ami 
destroy its vitamin activity. 

High temperatures, particularly in the presence of alkalies such as 
soda, destroy the vitamin activity of riboflavin. 


(X200). (Pholoiiiicrograph courtesy of Lincoln 
T. Work, Columbia University.) B, Riboflavin crystallized from 2 normal aoetic 

acid solution (X175). 
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Riboflavin is soluble in water, dilute acids, and alcohol, but not in 
fats nor in most of the liquids used to dissolve fats. 

DISTRIBUTION IN FOODS 

Riboflavin is widely distributed in nature. It has been isolated 
from milk, egg white, egg yolk, liver, kidney, barley malt, yeast, 
dandelion blossoms, and grasses. 

Muscle meats all contain riboflavin. Dark moat is richer in ribo¬ 
flavin than white meat. Many animal organs such as liver, kidney, 
and heart are richer in riboflavin than is muscle tissue. 

Almost all fruits and vegetables contain some ribollavin, but the 
richest plant sources are the green leafy types of vegetables such as 
tuniip greens, spinach, carrot tops, and kale. 

Milk, cheese, whey, and eggs are important sources of riboflavin. 
Butter contains only the riboflavin carried by the curd, which, in 
view of the small quantities of curd in butter, is not of any signifi¬ 
cance. 

The fresh and dried legumes and whole cereals, relatively large 
quantities of which make up the bidk of many diets, provide signifi¬ 
cant quantities of riboflavin. Certain types of soybeans appear to 
be excellent sources. Riboflavin is unequally distributed in the grains, 
being richer in the germ and bran portions than in the emlosperin. 
Wheat germ, for example, is four or five times richer in riboflavin 
than is the whole gram. Highly refined cereals, like most other 
highly refined foods, are unimportant sources. 

QUANTITATIVE DETERMINATION IN FOODS 

The actual quantities of riboflavin in even the richest natural food 
sources are extremely small, but viewed from the staiulpoint of nutri¬ 
tive needs these small quantities assume great importance. 

Fluid milk contains not more than 1 part of riboflavin in 600,()()() 
parts of milk; yet milk is one of the most important sources of this 
vitamin in a well-balanced diet. Its inij)ortance as a source of 
riboflavin in children’s diets is even greater. 

Because of the minute quantities of riboflavin in foods, special 
methods for determining these quantities have had to be developetl. 
Methods strictly chemical in nature arc in process of being developecl. 
One of these involves the measurement of the intensity of the green 
fluorescence of riboflavin in concentrated extracts. It is very diffi¬ 
cult, however, to obtain all of the riboflavin in a given food in a 
watery extract. Besides this difficulty, it seems probable that other 
food constituents associated with riboflavin may interfere with the 
fluorescence measurements. 

Biological tests involving the use of suitably standanlized small 
animals must in the end determine the acceptability of any chemical or 
physical test for riboflavin in foods. Most of the data on the riboflavin 
values of foods have been accumulated by the biological assay method. 
This method {ISB) is based primarily upon the principle of supplying 
to jroung rats a^diet adequate in all nutritive essentials except ribo- 
flavin until their growth ceases. When the animals have reached 
this stage, weighed supplements of the food under test is administered 
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daily in such quantities as will promote a standard rate of growth or 
a rate of growth equal to that produced by a standard quantity of 
pure riboflavin. The amount of food under test whicli promotes tliis 
rate of growth can then be said to contain as much riboflavin as the 
standard quantity of pure riboflavin. 

Because all the vitamins necessary for growth and well-being are 
not yet known and are not available in pure form or even in highly 
concentrated extracts free of rilwflavin, serious difficulties are pre¬ 
sented in preparing a diet adequate in all respects except for riboflavin. 
A thoroughly satisfactory method for determining the riboflavin con¬ 
tent of foods depends in large measure upon increased knowledge of 
unidentified vitamins essential for growth and well-being. 

THE PHYSIOLOGICAL FUNCTION OF RIBOFLAVIN 

Some years ago Warburg and Christian {1180) described an enzyme 
obtained from yeast cells which was concerned in cellular oxidations. 
This enzyme is frequently referred to as “Warburg’s yellow enzyme.” 
Its discoverers credit it with being present in every living cell. It 
later became evident that riboflavin is a component of this yellow 
enzyme, in which it is combined with phosphoric acid and a protein 
simdar to albumin. It is assumed, therefore, that riboflavin is 
essential to the animal organism in order that this enzyme may be 
formed to take part in the energy metabolism of the body. 

That riboflavin is intimately concerned in life processes is further 
indicated by the fact that certain organs of animals (liver, kidney,and 
heart) and the green leaves and germ portions of plants are compara¬ 
tively rich in riboflavin. Tliese tissues of animals and of plants are 
those in which the most active cliemical changes take place. 

In view of the widespread distribution of riboflavin in foods of both 
animal and vegetable origin, riboflavin deficiency in man is probably 
not very frequent. Severe deficiencies of riboflavin in man have, 
however, been described recently by Sebrell and Butler {1021). 
Judging from their description the inflamed and scalv condition of the 
skin around the corners of the mouth, at the base of the nose, and on 
the ears appears to be very similar to that frequently observed in 
experimental animals deprived of riboflavin. 

If a diet containing a fairly wide variety of common foods is con¬ 
sumed in quantities sufficient to provide adequate arnounts of the other 
known food essentials, there would appear to be little danger of an 
inadequate intake of riboflavin. Sherman {1048) has shown in 
experiments with animals that successively more liberal amounts of 
riboflavin in the diet, up to about four times as much as needed to 
prevent the first sign of riboflavin deficiency, results in increased posi¬ 
tive health. Probably human diets that include a wide variety of 
natural foods provide a liberal margin of riboflavin. 

THE CHEMICAL NATURE OF RIBOFLAVIN “ 

The chemical structure of riboflavin has been established beyond any doubt. 
Kuhn {eSS) and Karrer {608), together with their respective coworkers, inde¬ 
pendently achieved the synthesis of riboflavin in 1935. 

“ This section is Intended primarily for students and others especially interested ir the purely scientific 
aspects of nutrition. 
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The accepted structural configuration for riboflavin is shown here: 
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Although only one flavin appears to occur in nature, several compounds closely 
related to riboflavin but possessing less biological activity have been synthesized. 

The tricyclic chromophorc nucleus is common to all flavins (those occurring 
naturally in foods and those made synthetically); the position and kind of sub¬ 
stituent groups attached to the benzene ring and the nature of the side chain 
attached to the nitrogen atom in position 9 are determinate factors for vitamin 
activity. In riboflavin both the substituent groups in positions 6 and 7 are methyl 
groups, and at least one of these is essential in synthetic flavins in order that the 
molecule shall possess vitamin activity. As regards the side chain, only d-ribose 
or 1-arabinose residues attached to the nitrogen atom in position 9 have thus far 
proved to be compatible with vitamin activity. In the case of riboflavin the side 
chain is a d-ribose residue. 

The yellow enzyme is formed by a combination of riboflavin, phosphoric acid, 
and a protein, presumably an albumin. This enzyme may be represented graph¬ 
ically by: 
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Protein 


Further information on the chemical aspects of riboflavin will be found in a 
recent review article by Booher (1S5). 


THE PELLAGRA-PREVENTIVE FACTOR 


byO. L Kline » 

The disease called pellagra has been known for a long time. Its 
cause has been variously ascribed to infection, to toxins, and to dietary 
deficiencies, but recent nutritional research has eliminated the first 
two of these as causative agents and has demonstrated the complete 
preventability of pellagra W means of diet. Pellagra occurs most 
often among poor people. The disease has a high incidence in Egypt, 
the Balkan countries, the Soviet Union, Italy, Spain, and the Unite<l 
States. In Egypt 30 percent of the population have been known to 
be affected, and in the United States as many as 400,000 cases annually 


u O. L. Kline is Biochemist, Food and Drug Administration. 
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have been reported. It has been stated that 10 percent of the inmates 
of the asylums in the southern part of the United States have been 
admitted because of their pellagrous condition. 

As early as 1912 it was suggested by Funk (401) that pellagra is 
caused by a deficiency in the diet of one of the substances that he 
named “vitamines.” Two years later the classical researches of 
Goldberger and his associates (4^8) the United States Public 
Health Service were begun with the aim of determining the cause of 
the disease and the cure. Goldberger and his group spent a number 
of jrears working with pellagrous patients in some of the southern 
institutions, and as a result of this work they were able to state that 
pellapa may be completely cured and prevented by a change of diet. 
Goldberger was able to demonstrate which of the foods tested con¬ 
tained the pellagra-preventive factor, and these foods were tabulated 
(1019) on the basis of their value in preventing the disease. 

It was noted by these investigators (484) that the disease called 
canine blacktongue occurred in dogs maintained on diets similar to 
those that were known to produce human pellagra. A further im¬ 
portant contribution was the demonstration that blacktongue in 
the dog corresponds to pellagra in man—that is, the two diseases are 
true analogues. This gave research workers an invaluable experi¬ 
mental method for the evaluation of the pellagra-preventive factor 
in foods, as well as a method that helped in the chemical isolation of 
the pellagra-preventive factor. 

During the past 5 years this work has progressed rapidly, and 
Elvehjem and coworkers (88?) announced in 1937 the isolation of 
nicotinic acid and nicotinic acid amide from concentrates known to 
prevent blacktongue in dogs. It was further demonstrated (888) 
that these chemical compounds will cure and prevent blacktongue. 
A number of clinicians, notably Spies and associates,*® Fouts and 
coworkers (880), Harris (1089), and Smith, Ruffin, and Smith (1065), 
have demonstrated that nicotinic acid is effective in the treatment of 
human pellagra. 


SYMPTOMS OF PELLAGRA 


Pellagra is a disease with a long developmental period, and for this 
reason may become complicated with dietary deficiencies other than 
a deficiency of the pellagra-preventive factor, particularly those of 
vitamin Bj and riboflavin. Pellagra may be associated with measles, 
typhoid fever, or other infectious diseases, but it is due prhnarily to 
tne absence from the diet of a specific nutritional factor. It is there¬ 
fore a noncontagious disease characterized by a group of symptoms 
affecting particularly three systems of the body, the dermal system 
or the skin, the. gastrointestinal or digestive system, and the nervous 
system. The disease is characterized by seasonal recurrences and 
relapses and may occur in persons of any age or race. It was observed 
in the past that the disease occurred principally among groups of 
people whose diets contained large amounts of maize or maize prod¬ 
ucts, and for this reason it was tnought to be caused by moldy corn. 
It was also noted that pellagra occurred in persons who were directly 


'•Spies, T. l)., Cooper, C., and Biankknhorn,M. A. the cse or wmtinic acid in the treatment 
or PELLAGRA. Head before the Central Society for Clinical Research, Chicago, No\. 5, 193/. 
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exposed to the sun’s rays, and therefore sunlight was thought to he a 
causative agent. These views, however, are now known to be entirely 
erroneous. 

The onset of the disease is so gradual that the earliest symptoms 
may not be noticed by the patient. Loss of strength in the legs, a 
change in appetite, a loss in body weight, and a change in mood or 
personality are the most usual early symptoms. Changes in the 
skin do not always occur, but when observed they take the form of 
symmetric lesions on any portion of the body, though most commonly 
over the sites of irritation, that is, the hands, wrists, elbows, knees, and 
feet. There is a sharp line of demarcation between the affected 
area and the healthy skin. The lesion begins as a redness or erythema 
similar to sunburn; then the area becomes reddish brown, roughened, 
scaly, and homy. Intensity of pigmentation and thickening of the 
skin increase with each recurrence of the disease. 

The first noticeable symptoms in the digestive system are inflam¬ 
mation of the tongue and linings of the mouth and throat. Later the 
tip and the margin of the tongue become swollen and red, deep ulcers 
developing along the side and the tip, with intense swelling. The 
linings of the mouth and the stomach are similarly affected, causing 
burning sensations. Lack of hydrochloric acid in the stomach (achlor¬ 
hydria) is not uncommon, and severe diarrhea invariably occurs in 
acute cases. 

Symptoms involving the nervous system are commonly nervous¬ 
ness, dizziness, headache, and numbness or paralysis in the extremi¬ 
ties. In advanced cases there may be degeneration of the spinal 
cord, resulting in spasmodic movements (spasticity) ami loss of co¬ 
ordination (ataxia). Periods of mental depression and apprehen¬ 
sion are experienced, and hallucination, confusion, delirium, and com¬ 
plete disorientation may develop. In the absence of treatment the 
patient is likely to become insane. 

THE FUNCTION OF NICOTINIC ACID 

Conditions similar to the pellagra symptoms are known to occur 
in other species of animals. On certain deficiency diets rats develop 
an inflammation of the skin (dermatitis) that is suggestive of human 
pellagra. This condition may be cured by the administration of 
vitamin Bg. A pellagralike group of symptoms has been produced in 
chicks on experimental diets. Crude concentrates prepared from 
liver and from yeast have been used to cure the four conditions, human 
pellagra, canine blacktongue, rat dermatosis, and chick dermatosis. 

As purification of these concentrates proceeded it was found that 
vitamin B# could be removed by adsorption on fuller’s earth {102, 680). 
After further purification Elvehjem and coworkers {327, 328) were 
successful in isolating a crystalline substance, which they identified 
as nicotinic acid amide and with which they were able to cure canine 
blacktongue. The do^ so cured were maintained in a normal con¬ 
dition for a considerable length of time. This same compound, nico¬ 
tinic acid amide, was found to be ineffective, however, in the pellagra¬ 
like condition of chicks. Elvelijem and others {1271) have very re¬ 
cently announced that a substance having properties similar to those 
of pantothenic acid—a compound known to be a growth stimulant 
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for micro-organisms—is specific for the cure of this type of dermatosis 
in chicks. 

It remaiijed for the clinicians to demonstrate the effectiveness of 
nicotinic acid amide in the cure of human pellagra. This substance 
has now been used in the treatment of a large number of cases of the 
disease. The curative effect is a dramatic one, with all of the swelling, 
dermatitis, mental depression, and digestive disorder relieved in a 
few days. This result has been corroborated by a number of workers, 
and that nicotinic acid or its amide is a primary factor in the cure 
and prevention of pellagra is now well established. 

The function of this substance in the body, although still not well 
defined, has been suggested by the fact that it is present in certain 
of the coenzymes—-substances necessary for the activity of enzymes. 
One of these, cozymase, is a compound made up of nicotinic acid, 
adenine, phosphoric acid, and a sugar called ribose. These coenzymes 
are necessary in the body to aid in the transfer of oxygen from the 
blood to the tissues for the oxidizing or burning of food substances, 
with the resulting release of energy. In the absence of nicotinic acid 
these coenzymes cannot be synthesized bv the body and normal 
metabolism of food substances is interfered with. Spies and coworkers 
(see footnote 16 for reference) have reportetl that the blood of normal 
persons contains considerably more cozymase than the blood of 
pellagrous patients and that pellagrins’ blood was increased in its 
cozymase content after nicotinic acid therapy. 

PREVENTION AND CURE OF PELLAGRA 

Pellagra, like other dietary deficiency diseases, is most effectively 
prevented by adequate diet. Although many satisfactory results 
are obtained in mild cases when diet changes are made to include 
corrective foods, nicotinic acid should be indicated as a curative 
agent in most cases of the disease. 

Values for the content of the pellagra-preventive factor in foods 
as determined by Goldberger and associates in well-controlled experi¬ 
ments and adapted by Sebrell are given in table 1 (1020). 

It will be noted that yeast, milk, wheat germ, lean meats, green 
vegetables, and legumes are the most effective foods in the treatment 
of pellagra. Mild cases of the disease may be effectively treated by 
using a diet of 3,000 to 4,000 calories daily containing lean meats, 
liver, or other foods rich in the pellagra-preventive vitamin, in addi¬ 
tion to milk. 

Goldberger and Tanner (4^2), who firat used yeast in the treatment 
of pellagra, found tliat 1 grain per kilogram of body weight was an 
effective supplement. Later it was determined that 30 grams of 
dried brewers’ yeast was sufficient to cure experimental pellagra while 
patients were maintained on a deficient diet. It is probable that 
yeasts vary in their content of the pellagra-preventive factor, but 1 to 
2 ounces of the dried powder should prove effective in the cure of 
most pellagrous patients. A smaller amount would suffice as a 
preventive measure. . . ... 

Human requirements for the specific curative substance, nicotinic 
acid, are not known with certainty. The use of nicotinic acid h^ 
inade more evident the fact that human pellagra is due to a multiple 
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deficiency. The polyneuritis occurring in some cases of pellagra has 
responded to administration of vitamin Bi. Dogs maintained on the 
Goldherger diet are known to develop a rihoflavin deficiency (10£S). 
A lack of this factor may be responsible for some of the changes in 
the nervous system that are found in human pellagra cases of long 
standing. 

Table 1.— Pellagra-pretHmtive value of foods ^ 


Food 

Quan¬ 

tity 

Pellagra- 
preven¬ 
tive value 

Food 

Quan¬ 

tity 

Pellagra- 
preven¬ 
tive value 

Cereals; 

Grams 


Vegetables: 



Corn meal, whole, white.. 

450 

None. 

Beans; 

Grams 


Cornstarch_ 

360 

Do. 

GriH'n, stringless, canned. 

550 

Slight. 

Oats, rolled_ ... 

400 

Do. 

Kidney, red . 

360 

Fair. 

Rye meal. 

400 

Do. 

Navy _ 

360 

None. 

Wheat germ, ether extracted 

150 

Good. 

Soybeans .. 

360 

Fair. 

Wheat, whole. . _ . 

400 

Slight. 

Cabbage, green, canned, ... 

482 

Do. 

Dairy products; 



Carrots_ . 

450 

Slight. 

Butter__ _ 

135 

Do. 

Collards, canned . . .. . 

482 

Good. 

Casein, leached . _ . 

85 

Do. 

(^owpeas _ 

178 

Fair. 

Egg, yolk, dried_ 

100 

Fair. 

Kale, canned. .. 

534 

Good. 

Milk: 



lA'ttuce, cos, canned_ 

516 

Slight. 

Buttermilk. . .. _ 

1.200 

Good. 

Mustard greens, canned_ 

533 

Fair. 

Evaporated, canned. 

C) 

Fair. 

Onions: 



Skim, dried.. _ . 

105 

Do. 

Green, canned _ 

.502 

SliRht. 

fresh .. 

(3) 

Do. 

Mature. _ ...... 

525 

None. 

Fruits: 



Peas: 



Apples, evaporated. 

250 

None. 

Grei'n, canned 

450 

Good- 

Prunes, dried... 

2.50 

Do. 

Green, dried . . .. 

360 

Fair. 

Meats and fish: 



Potatoes ... . 

450 

None. 

Beef; 



Sweetpotatoes... 

450 

Do. 

Corned, canned.. 

200 

Good. 

Spinach,canned. 

482 

Fair. 

Fresh, lean. 

200 

Do. 

Tomato, juice from canned.. 

1,200 

Good. 

Chicken, canned.. 

325 

Do. 

Turnip greens, canned . 

482 

Do. 

Haddock, canned. 

340 

Fair. 

Turnips, rutabaga 


Slight. 

Liver, pork, dried. 

64 

Good. 

Miscellaneous: 



Pork: 



('ottonseed meal .. 

200 

Do. 

Salt, fat___ . 

153 

None. 

Gelatin. 

83 

None. 

Shoulder, lean_ 

200 

Good. 

Liver extract (Minot's .343) . 

P) 

Fair. 

Rabbit. 

184 

Do. 

Peanut meal. .. 

200 

Good. 

Salmon, canned.... 

168 

Do. 

Rice polishings_ ... 

400 

Do. 

Oils and fats: 



Yeast: 



Butter (see dairy products). 



Bakers', dried_ 

30 

Do. 

Cod-liver oil _ _ 

128 

None. 

Bakers’, dried, auto¬ 



Cottonseed oil_ _ 

110 

Do. 

claved_ .. 

60 

Do. 

Lard___ 

no 

Do. 

Brewers’, dried. _ . 

30 

Do. 




Yeast vitamin powder i 

1 

15 

Do. 


' This table, reprinteri (row the Journal of the American Medical Association (WgO), by porniission. was 
adaptctl from Tabic Showing the Pellagra-Preventive Value of Various Foods (J0I9). It is intended pri¬ 
marily for use in the treatment and prevention of pellagra, and only those foods are included which have 
bcc*n tested under controlled conditions in either human beings or dogs or both. In the absence of a quan¬ 
titative method of assaying the pellagra-preventive vitamin, only the most general terms can bo used to 
designate the pellagra-preventive value of a food. In order to make a division into groups which will be 
of practical value without being unwwantedly exact, the words “good,'’ “fair,” “slight,” and “none” 
have been selected. The quantity used must be kept in mind in each instance, since smaller amounts than 
those inducted would in all probability have le.ss value. “Good” signifies that the indicated quantity of 
food contained enough of the iMjllagra-preventive factor to prevent the disease. This is the most valuable 
cla^s of foods in the prevention and treatment of pellagra. “Fair” signifies that the indicated quantity of 
food showed appreciable and in some instances considerable pellagra-preventive value, but 1 or more of the 
experimental subjects (leveloped the disease, usually after considerable delay. Thus, a food under this 
heading contains enough of the vitamin to be of value but should not be relied on alone in the treatment 
and prevention of the disease. The principal value of these foods lies in the variety of items afforded as 
adjuncts to the g<wd sources of the preventive factor. “Slight” signifies that the indicated quantity of 
food, althongh falling to prevent the disease, caused a slight delay in onset. I^actically, this group may be 
treatment and Prevention of pellagra. “None” signifies that, in the quantity used, the 
results of the experiments indicate that the food contains either none of the preventive factor or such a small 
anmunt that it niay m regarded, for practical purposes, as being entirely without value In the treatment 
and prevention of pellagra. 

> 15 cc. per kilogram of body weight. 

* 30 cc. per kilogram of body weight. 

* Equivalent to 100 gm. of liver. 


Ruffin and Smith (99£) have stated that pellagra is the result of 
two or more deficiencies. Recent results indicate that pellagrins 
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maintained on daily administrations of nicotinic acid show a return 
of the disease unless the size of dose is steatlily increased. All these 
complicating factors make it virtually impossible to estimate the hu¬ 
man requirement for this substance with any accuracy. Sebrell and 
associates {1022) have shown that 1 milligram a day will just suffice 
to prevent black tongue in dogs on a deficient diet. Other workers 
have estimated that 1 milligram per kilogram of body weight daily is 
the amount required by the dog. Curative doses used for human 
patients have varied from 50 to 500 milligrams, and the usual curative 
dose now used is 300 milligrams daily. This gives little indication 
of the daily requirement for good health, however. Such information 
will be more readily obtainable when other as yet unknown factors 
have been identified. 

It may be said in summary that human pellagra is a disease of 
dietary origin, having widespread occurrence. A large number of 
cases occur annually in the southern part of the United States, 
particularly amon^ the poorer classes of people. Recent findings 
indicate that nicotinic acid amide is the chemical substance in which 
these diets are primarily deficient. Secondary deficiencies of vitamin 
Bi and riboflavin are also likely to occur. The symptoms of pellagra 
are dermatitis, digestive disorder, and changes in the nervous system. 
Nicotinic acid has a dramatic effect in curing all these symptoms. 
A change of diet to include foods known to contain the pellagra- 
preventive factor is also essential in the permanent cure and preven¬ 
tion of pellagra. Human requirements for the pellagra-preventive 
factor are not accurately known. Such values can only be deter¬ 
mined when all factors involved in this disease liave been identified. 



FOOD COMPOSITION 


by Charlotte Chatflelil and Georgian Adams > 


FOOD'COMPOSITtON tables are the basis for all dietary 

calculations, and they are used to determine the adequacy of existing 
diets as well as to devise better ones. The tables summarize facts pa* 
tiently collected over many years from hundreds of scattered sources. 
Here is an account of what information they give, how they are made 
up, and what their shortcomings are. The article also includes lists of 
foods rich in three minerals of major importance—calcium, phosphorus, 
and iron. 


On the basis of studies to determine the body’s requirements for 
energy, proteins, minerals, and vitamins, standards may be formulateil 
for guidance in planning our diets or in evaluating our food habits. 
Before these requirements and standards can be translated into actual 
practice, however, we must know what fooils supply the essential 
nutrients. 

To this end, food-composition data are necessary. This implies 
that the foods themselves must be analyzed to determine their content 
of moisture, protein, fat, carbohydrate, calcium, pho^horus, iron ami 
other minerals, and the several vitamins as weU. This involves an 
enormous amount of detailed work, ami it has taken many years to 
bring our knowledge of foods to its present state. A great many 
analysts working in various laboratories throughout the country have 
bontributed to this knowledge, but even now the study cannot be 
considered complete. As a step beyond the analytical work, the 
analyses from these hundreds of sources must be assembled, evaluated, 
and finally summarized in tables for convenient reference. 

The importance of definite knowledge of the chemical composition 
of foods has long been recognized. The first analyses of American 
foods were made as long ago as 1844, when Shepard determined 
the mineral constituents of Indian corn and sweetpotatoes (1036),^ anti 
of rice, rice flour, and other rice products (1035). In subsequent years 

FiKSaC'?,Ivl'• 

• Italic numbers in parentheses re/er to Literature Cltefl, p. 1076 . 
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many foods were studied by workers in various laboratories, and in 
1896 Atwater and Bryant {51) published an extensive compilation on 
the proximate composition—the term commonly used for an analysis 
that is approxinaate, or not complete in all details—of American food 
materials. Their tables, ^ving figures for the moisture, protein, fat, 
carbohydrate, and ash (mineral) content of a great many foodstuffs, 
summarized the data on American foods on record up to July 1895. 
They included in addition many unpublished analyses made in con¬ 
nection with nutrition investigations and other studies. 

Our knowledge in the field of nutrition has peatly increased since 
those tables were published, and emphasis in diet practice has shifted 
from mere calorie counting to consideration of adequate protein, 
mineral, and vitamin intake, but data on the foods themselves are still 
basic to dietary plans. 

In fact, the Atwater and Bryant tables, known to many as Bulletin 
28, have been a standard of reference ever since their publication. 
Tables in many texts on foods and in dietetic manuals have been 
based in rather large measure on these early figures. These values are 
still fairly representative, particularly for the natural unprocessed 
foods that have not significantly changed in. composition with the 
development of new varieties and new cultural methods. Within 
more recent times new summary tables on the proximate composition 
of fresh fruits and vegetables {200, 201) have been issued by the 
Department of Agriculture. These are largely based on analyses 
since 1900 and supersede the corresponding sections in the Atwater 
and Bryant compilation, confirming or modifying their data and 
providing in addition figures for many fruits and vegetables not 
included in their list. 

Actually, of course, foods are variable in composition, and no two 
tables based on different sets of analyses will be exactly alike. For a 
given kind of food there will be variations depending on such factors 
as variety and maturity differences, climate, storage, and nature of 
the analytical sample. Thus, juice from Concord grapes contains on 
an average about 16 percent of sugar, while that from raisin grapes 
averages about 25 percent. Young, green sweet com averages about 
5 percent of sugar and 9 of starch. As the corn matures the starch 
content increases rapidly, so that fresh corn that has arrived at the 
stage designated as old may contain as little as 2 percent of sugar 
and as much as 26 of starch. In potatoes stored at temperatures 
below 40® or 50° F., there is a conversion of some of the starch into 
sugar, while fresh corn and peas held at room temperature rapidly 
lose their sweetness as sugar is used up in the respiratory process. 
These few examples serve to illustrate how the composition of a single 
food may vary. Moreover, if natural foods are subjected to processing, 
further variations will be introduced. 

Since foods are not constant in composition it is customary m 
many food tables (references 51, 200, and 201 are examples) to report 
the maximum and minimum values foiind for each food as well as 
the averages. These maximum and minimum values do not represent 
the actual limits of variation which can occur, but merely the range 
in composition in the particular samples studied. They serve to tell 
the reader that the food is variable, and that the average does not 
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necessarily give the exact composition of any particular sample. 
The average serves, however, as a working estimate of the composition 
of the food. 

In actual practice food tables are used in making calculations to 
determine the nutritive value of the diet as a whole or in determining 
what the individual foods contribute to the diet. For example, the 
nutritionist may want to determine how much protein, how much 
calcium, how much of the other minerals, and how much of the 
vitamins a given population group is getting according to its dietary 
habits; the dietitian may need to plan a diet that will furnish just so 
many calories and contain so many grams of carbohydrate, protein, 
and fat; and the layman may need to know merely in a general wav 
what foods can be relied on as good sources of the various minerals 
and vitamins. 

It is not necessary either for diet calculations or for general infor¬ 
mation on relative food vahies to know how variable in composition 
each food may be, but it is essential to have for all foods representa¬ 
tive average values that will provide a reasonably good basis for 
calculations. Such averages or general estimates of the proximate 
composition and fuel value of a great number of common foods have 
been summarized in convenient form for publication. 

Tables that have been compiled cover practically all classes of foods 
and extend to many items not included in the earlier bulletins. Many 
of the values reported are the same as those in the older tables, but 
many others are newly derived. This is particularly true for proc¬ 
essed foods, for which new figures were needed in line with present-day 
standards and processes. The data given cover the gross or proxi¬ 
mate composition of foods, that is, their moisture, protein, fat, 
carbohydrate, and ash content, and their fuel or calorie value. Tables 
of proximate composition do not give such details as the kinds of 
protein present in a food, the quantities of different minerals, or the 
vitamin content. 

WHAT FOOD-COMPOSITION TABLES CONTAIN 

Moisture is a constituent of all foods and represents e.ssentially the 
amount of free water present. It is determined as the amount of 
substance lost in drying the material under specified conditions of 
analysis. That which is not moisture constitutes the “solids” and 
is made up of protein, fat, carbohydrate, and ash. Thus fresh fruits 
contain 75 to 90 percent of moisture, the remainder bein^ chiefly 
sugar. Certain leafy vegetables such as beet greens, spinach, or 
lettuce may contain as much as 90 to 95 percent of moisture, aiul 
certain fruit forms such as tomatoes, summer squash, and cucumbers 
are also largely water, averaging about 95 percent. Fluid whole milk, 
however, averages only 87 percent of moisture, since it has measurable 
amounts of protein, fat, and sugar held either in true solution or in fine 
suspension. At the other extreme, dry beans and peas, cereals, and 
nuts have a moisture content of 5, 10, or 15 percent, and such foods 
as sugar and lard contain almost no moisture. The moisture contents 
of other foods lie between these extremes. 

Proteins, unlike carbohydrates and fats, characteristically contain 
the element nitrogen. It is customary, therefore, to determine the 
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total amount of nitrogen in a food, and then to multiply tliis 
by an appropriate factor, such as 6.25, which gives a working 
estimate of the total amount of crude protein. Other factors 
than 6.26 are sometimes used, depending on the type of protein 
present. 

The food tables show that our richest sources of protein are cheese, 
meats, eggs, certain nuts, and dry legumes. Within tMs group the 
protein runs frojii 10 to 35 percent. Cereals are the ne.xt richest 
source of protein, wlule the fresh fruits and vegetables, e.xcept for 
beans and peas, contain about 1 percent or less. The figures for crude 
protein, however, express only the total amount of protein present 
and give no indication of its quality, that is, the efficiency with which 
it meets the body’s needs. 

Fats are soluble in ether, and the fat content of foods is determined, 
therefore, as the portion extracted by ether. The term “ether ex¬ 
tract’’ is sometimes used in place of fat. Data indicate that the 
vegetable oils and lard stand at one extreme of fat content, being 100- 
percent fat, while fresh fruits and vegetables, with a few exceptions, 
are at the other extreme, containing less than 1 percent. Avocados 
and olives are exceptions among the fruits; certain kinds of avocados 
contain as much as 25 percent of fat and the usual ripe pickled olives 
about 19 percent. Among the vegetables, dry soybeans average about 
18 percent of fat. Nuts as a group are rich in fat, the content vary¬ 
ing from 33 percent in coconuts to 70 or more in pecans. Meats are 
c.\ceedingly variable in fat content, the amount being determined 
chiefly by the fatness of the entire animal and by the way it is cut and 
trimmed. 

Aside from moisture, protein, and fat, carbohydrate is the only 
other constituent of foods that may occur in large quantities. Here 
again, however, the amount varies, from 100 percent or nearly that 
in purified sugars or starches down to negligible amounts in meats. 
Several kinds of carbohydrate occur in foods. Sugars, dextrins, and 
starches, forms of carbohydrate reatlily utilized by the body, are of 
chief importance. Crude fiber, on the other hand, represents the 
indigestible residue from plant foods; it is not present in any of the 
animal foods. “Total carbohydrate by difference” is usually reported 
in food tables and represents the solids left after deducting protein, 
fat, and ash. The term includes organic acids and any undetermined 
solids as well as carbohydrate. Sugar, starch, and fiber are often 
reported separately, thus giving information about the nature of the 
carbohyilrate present. 

The amount of mineral matter in foods is indicated in a general 
way in the tables by the component designated as ash, the material 
left after the organic portion is burned awa,y. From the nutritional 
standpoint, values for total ash are not so important as data on the 
individual mineral elements, such as calcium and iron, for example, 
which need special consideration in diet plans. 

For the constituents other than niinerals, average values m pub¬ 
lished tables give a basis for making fairly good estimates of the 
quantities present in the total diet. Such estimates cannot be exact 
because of variations in the composition of foods, but for practical 
purposes they do very well when the diet is taken as a whole. 
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MINERAL CONTENT OF FOODS 

Dietary estimates for minerals are much less satisfactory than those 
for other constituents because of the limitations of present knowledge 
concerning them. Calcium, phosphorus, and iron have been studied 
more than other elements because of their known significance as 
measures of the adequacy of the diet, and information about them, 
though meager in comparison with that on proximate comi)osition, 
is of first importance to nutritionists. Enough is known to indicate 
what foods are especially good as sources of each of these elements, 
and also to indicate that diets are frequently too low in one or more 
of them. From the information at hand it is possible to plan diets 
that contain safe allowances of the minerals, even though the esti¬ 
mates of the quantity in any given food are relatively crude approxi¬ 
mations. 

FOODS RICH IN CALCIUM 

The foods regarded as excellent or good sources of calcium are listed 
below. If they were placed in the order of importance, milk in its 
various forms (other than butter) would head the list of common 
foods, and green leafy vegetables would rate among the next best. 


Excellent 

Amaranth 

Broccoli 

Biittennilk 

Cabbage: 

Savoy and non headed 
Chinese, non headed varieties in¬ 
cluding tendergreens 

Chard 

Cheese: 

American or Cheddar 
Swiss 
Clams 
Collards 
Cress, garden 
Dandelion greens 
Kale 

Milk, whole or skimmed; evaporated, 
condensed, and dried 
Molasses 
Mustard greens 
Orach 

Sesame seed 
Tendergreeris 
Turnip tops 
Water cress 

Good 

Almonds 

Artichoke, globe or French 
Beans, common or kidney, dry or 
fresh, shelled; also snap or string 


Good- Continued 
Burdock, roots 

Cabbage, iieaded, especiallv green 

Carrots 

Celeriac 

CVlery 

Cheese, cottage 
Chickpeas, whole 
Chicory, leaves 
Cottonseed flour 
Crabs 
Creani 
Eggs, whole 
Egg yolk 

Endive or escarole 
Figs, dry 
Kohlrabi 
Leeks 

Lettuce, head or leaf 

Lobster 

Maple sirup 

Okra 

Oysters 

Parsnips 

Uomaine 

Rutabagas 

Sorgo sirup 

Soybeans, dry or as green vegetable 
Soybean flour 
Sweetpotato tops 
Turnips 

Vegetable-oyster or salsify 


Certain plant foods, the calcium content of which was high enough 
to justify inclusion in this list, have been omitted because of their 
oxalic acid content. Beet greens, dock, rhubarb, spinach, and New 
Zealand spinach were left out on this account. If a food contains 
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enough oxalic acid to combine with all of its calcium to form calcium 
oxalate, the evidence seems to show that the calcium is of little or no 
use to the body. This may be because the calcium oxalate is already 
formed in the food; or it may be that the oxalic acid combines with 
calcium during or after digestion, making it insoluble so that the body 
cannot utilize it. These same foods, of course, may be valuable for 
other elements than calcium. 


FOODS RICH IN PHOSPHORUS 

There is a longer list of foods rich in phosphorus, and more food 
classes or groups are represented. Nearly all of the calcium-rich foods 
contain significant quantities of phosphorus, and in addition lean 
meats, fish of all kinds, and several other classes of foods are rich in this 
element. All animal tissues except fat contain liberal quantities, and 
many grain products are among the better sources. The following list, 
though far from complete, will suggest that choosing a diet with enough 
phosphorus should be comparatively easy: 

Excellent Good —Continued 


Barley, whole 
Beans: 

Common or kidney, dry, shelled 
Lima, fresh or dry 
Brazil nuts 
Buttermilk 
Cheese, Swiss 
Cottonseed flour 

Cowpeas, or black-eye peas, shelled 
Crabs 

Eggs, whole 
Egg yolk 
Fish 

Liver, any kind 
Lobster 

Meats, lean or medium fat, having 
more than 12 percent of protein 
Milk, whole or skimmed; evaporated, 
condensed, and dried 
Oysters 
Poultry 
Rice bran 
Rice polish 
Sesame seed 
Shrimiw 
Soybeans 
Soybean flour 

Good 

Almonds 

Artichokes, globe or French 
Bamboo shoots 
Barley, pearled 
Beans, mung, dry 
Broccoli 

Brussels sprouts 


Buckwheat flour 
Cashew nuts 
Celcriac 
Cheese: 

American or Cheddar 
Cottage 
Chickpeas 
Clams 
Cocoa 
Collards 

Corn, green, sweet 
Corn meal, whole ground 
Cress, garden 
Dasheen or taro 
Hazelnuts and filberts 
Kohlrabi 
Lentils 

Meats, fat, having more than 6 percent 
of protein 
Millets 

Oatmeal or rolled oats 

Orach 

Parsnips 

Peanuts 

Peas 

Pecans 

Pistachio nuts 
Rice, brown 
Rye flour 
Walnuts 
Wheat: 

Flour, graham or whole-wheat 

Shredded or puffed 

Whole grain or meal 

Bran 

Germ 


FOODS RICH IN IRON 

Meats, egg yolks, and green leaves are the foods most often accented 
in lists of iron-rich foods. Whole-grain cereals, although they are not 
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as high in iron, are among the most useful sources because they can 
provide much of the necessary iron in low-cost diets that have very 
imited quantities of the more expensive sources. All of the foods in the 
olio wing list are regarded as rich sources. 

Excellent Excellent —Continued 


Apricots, dried 
Beans: 

Common or kidney, shelled 
Lima, shelled, fresh or dry 
Beet greens 
Broccoli leaves 
Chard 

Cowpeas, shelled, dry or fresh 

Dandelion 

Eggs, whole 

Egg yolks 

Heart 

Kale 

Kidney 

Lentils, dry 

Liver 

Meats, lean or medium fat (beef, veal, 
pork, or lamb), over 15 percent of 
protein 
Molasses 
Mustard greens 
New Zealand spinach 
Oysters 
Peaches, dried 

Poultry, especially dark meat 

Shrimps 

Sorgo sirup 

Soybeans, dry or as green vegetable 

Spinach 

Tongue 

Turnip greens 


Water cress 
Wheat bran 

Good 

Barley, whole 
Beans, snap or string 
Brains 
Broccoli 

Brussels sprouts 

Cabbage greens or outer leaves 

Collards 

Corn meal, whole ground 
Dates 

Dock or sorrel 
Endive or escarole 
Figs, dried 
Leaf lettuce 

Meats, fat (beef, veal, pork, or lamb), 
over 10 percent of protein 
Oatmeal or rolled oats 
Peas, green or dried, whole seeds 
Poultry, light meat 
Prunes, dried 
Rye flour, whole 
Seedless raisins, or ‘‘currants^* 
Sugarcane sirup 
Vegetable-oyster or salsify 
Whole-wheat cereals 
Whole-wheat flour 


OTHER MINERALS IN FOODS 


Numerous mineral elements other than calcium, phosphorus, and 
iron are required by the body. Some of them, including sodium, 
potassium, and magnesiiun, occur in fairly large quantities in foods- 
that is, in quantities comparable to those of calcium and phosphorus. 
A fair number of mineral analyses of foods cover these elements, but 
no summary of these analyses has been made in the Department of 
Agriculture nor is any contemplated at the present time. This is 
partly because these elements occur so commonly in foods that 
nutritionists question whether any freely chosen diets of human beings 
are deficient with respect to any of them, and partly because authentic 
analytical data are even more meager for them than for calcium, 
phosphorus, and iron. 

Copper, because of its established nutritional unportance, has been 
determined in a variety of foods. It has been found to occur in 
measurable amounts in all or nearly all of the natural foods studied. 
The (juantities are very small, barring contamination from spray 
matenals used in combating plant diseases or from industrial sources. 
Enough is present naturally, however, so that the likelihood of a 
deficiency of copper seems rather remote except on very restricted 
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diets in areas where the soil is poor in this element and the bulk of 
the food supply is produced locally. Such a deficiency may occur 
in sections where the livestock are subject to the condition known as 
salt sick, but this has not been established. 

Cobalt bas only recently been recognized as an element of which 
a deficiency in the diet may be serious. Only very minute quantities 
are needed. The effect of such a deficiency in the ration of sheep 
and cattle is mentioned in the a,rticle on Mineral Needs of Man (p. 215). 
It is remotely possible that in some areas of the world, possibly 
some in the United States, cobalt deficiencies in human diets may 
exist; but it seems iniprobable that freely chosen diets will fail to 
provide enough of this element \inless they are very poor in several 
other respects. 

Manganese is another mineral element for which the body appar¬ 
ently has need. The need is very small, however, and there is no 
evidence that diets are ever deficient in this element. As a matter 
of fact, in experimental studies with animals it was found exceedingly 
difficult to prepare diets that would be free from manganese. Al¬ 
though there have not been many quantitative studies on the amount 
of this element in foods, the results show that it is widely distributed, 
occurring in fruits and vegetables, nuts and grains, milk, animal 
oi^ans, and other foods. Nuts and seeds, including all the cereal 
grains and the legumes, seem to be among the richer sources. 

Zinc is jirobably neccssaiy in minute amounts in human nutrition, 
but the evidence on this point is meager. There is little or no danger 
of a deficiency of this element, since it seems to be present in trace 
amounts or more in a wide variety of foods. 

Various studies have shown that arsenic often occurs in human 
tissues. On the other hand it is known that only very small amounts 
of arsenic can be tolerated without toxic effects. In a survey made a 
few years ago to determine the amount and distribution of arsenic 
naturally occurring in foods, a great many samples were analyzed. 
Practically all chisses of foods were examined, and it was found that 
arsenic was much higher in sea foods than in any other class, barring 
of course those carrying spray residues. Even in the marine pro¬ 
ducts^ however, the quantities are so very small that, at the most, 
arsenic as it occurs naturally in foods can be considered only a trace 
element. 

Chlorine, chiefly in the form of chlorides, -is present in relatively 
large amounts in almost all foods. In addition, table salt, which 
is sodium chloride, is added freely to our diet. 

Iodine is necessary for the proper functioning of the thyroid gland. 
It is needed in only very small amounts, but imless special provision 
is made, even these small quantities are often lacking in the diets of 
people living inland in certain areas where iodine is deficient in the 
soil and the water. Plants grown on these soils are very low or 
even altogether lacking in iodine. Foods grown or raised m coMtal 
regions, on the other hand, generally contiun more iodine than those 
grown inland, and in some cases they may even be rich in this element. 
In coastal areas the soils and the water contain more iodine, and the 
plants in turn absorb more. In foods of animal origin, simh as eggs 
hnd milk, for example, the iodine content depends upon the amount 



280 


YEARBOOK OF AGRICULTURE, 1939 


of iodine received by the animal either in natural feed or forage or in 
the form of special iodine supplements to the ration. In general, 
then, foods cannot be listed as good, fair, or poor .sources of iodine, 
since actually the iodine content does not depend upon the kind of 
food, but rather upon the locality where it is grown, if it is a plant 
food, or upon the iodine supplied to the animal if it is a food of anirnal 
origin. The one exception to this is the sea foods, such as marine 
fish and shellfish. These are always rich in iodine, obtained from the 
sea water. 

So little is known at present about the need for bromine, or its 
occurrence in foods, that any discussion would necessarily be 
unsatisfactory. 

Sulfur, while very necessary to the animal body, is generally not 
considered in connection with the mineral elements in nutrition. This 
seems logical when it is considered that sulfur plays its important 
role in the body, not in the form of an inorganic substance but in 
complex organic compounds. Moreover, practically all of the sulfur 
obtained from food is in organic combination, chiefly as a constituent 
of proteins. If the diet contains sufficient protein of the right kind, 
this element will be furnished in adequate amounts. 

Fluorine, boron, and silicon are found in the body but there has been 
no evidence to indicate that they are really necessary for the physiologi¬ 
cal functioning of the animal organism. Their occurrence in foods has 
not, therefore, assumed particular importance from the standpoint of 
nutrition. 

Carbon, hydrogen, and oxygen are never given consideration as 
individual elements in studies on foods. They do not occur separately, 
but only in combination in complex organic compounds—the proteins, 
fats, and carbohydrates. Foods, therefore, are not analyzed for these 
elements. Nitrogen, of chief importance as a constituent of proteins, 
is likewise not regarded as a mineral element. 

SHORTCOMINGS OF MINERAL ANALYSIS 

Compilations showing the quantities of the more important mineral 
elements in many of the common foods have been published {162, 610, 
1048), and numerous publications give data from a limited number of 
ori^nal analyses. Such tables are in wide use for diet calculations. 
It is plain that quantitative values are to be preferred to such simple 
classifications as have been presented here. But the data now avail¬ 
able on this subject are far from satisfactory, for several reasons. 

In the first place, many of the existing analyses were made by 
methods now known to give erroneous results. When such data are 
discarded, too few findings remain, except for a very few foods, to give 
satisfactory estimates. Fewer authentic analyses have been made for 
these constituents than for moisture, protein, carbohydrate, fat, and 
ash, whereas more analyses are required if the resulting averages are 
to be equally good. 

The number of determinations should be greater in the case of the 
minerals, because variations due to the variety and kind of a certain 
food material and diflPerences in sampling or preparation of the food 
for analysis frequently affect the minerals much more than they 
influence the total solids, protein, or carbohydrate. It is clear that 
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with wider variations more observations are needed to provide equally 
good determinations of the average composition. 

Existing data also fall short of present needs because of the character 
of the materials that have been studied and the design of the experi¬ 
mental work. Many of the analyses on which averages in such com¬ 
pilations are based, perhaps the majority of them, were made for other 
than dietary purposes, and the food samples often were not well 
chosen from the standpoint of nutrition. When analyses are made in 
connection with studies in agronom^r, plant or animal physiology, food 
inspection or control, or industrial investigations, the materials 
selected for analysis are apt to be quite different from samples that 
would be chosen m an experiment designed for deriving average values 
for use in diet calculations. 


A good example of the need of careful discrimination in making food 
analyses can be given in the case of common cabbage. The percentage 
of calcium in dark-green cabbage is rnany times higher than that m 
white, but most authors in publishing results of analysis of this 
vegetable have failed to tell whether any or all of the dark-green outer 
leaves were left in the part sampled. Those who do give this informa¬ 
tion usually neglect to state the variety of cabbage, or to what extent 
the inner part was bleached. 

Evidence to show how much better the greener leaves are as a source 
of calcium is given in a more technical discussion at the end of this 
article (p. 283). From the chemist’s or nutritionist’s standpoint the 
data available are nevertheless inadequate except to give crude esti¬ 
mates of the average quantity in the several kinds of cabbage that are 
consumed. There is enough evidence, however, to warrant advising 
consumers to watch for greenness in picking out cabbages at the market 
and to see that some of the bright-green outer leaves are left with the 
lighter-colored inner part in preparing cabbage for the table. It is 
worth while mentioning here that the vitamin A and the iron as well 
as the calcium content are higher in the green leaves. 

Another vegetEble that shows wide variations in calciuni content is 
the soybean. In this case the variations are associated with variety 
and with maturity, and probably to some extent with the sous on 
wliich the plants are grown. On the average, green vegetable soybeans 
have enough calcium to rate as good sources of that element, but the 
individual variation is so wide that some of the specmiens analyze 
would count as excellent and others would fail to rate even as good, 
according to the criteria on which the list of calcium-nch foods was 
prepared. The degree of variation is shown m the more technical 

part of this article. . i 

Most other natural foods probably vary similarly m their 

content, but even less is known of the 

majority of them than of the calcium in ^ n i ' 

Highly refined foods like sugar, patent flour, and cooking fats, all low 

in minerals, are probably less variable m their nQiiflllv’ less 

manufactured foods that contain more nunerals S 

standardized as to processes and formulas, 
content even more widely than the natural foods. 

In view of this variaUlity in compMtion it must b® 
tables on the mineral content of foods should be b , 
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scattered analyses of poorly described specimens of each iteni listed, 
but on well-planned chemical investigations. Better analytical data 
are needed so that the mineral estimates in food-composition tables 
will give a more nearly correct means of determining whether a par¬ 
ticular diet is satisfactory. 

For nutrition purposes, moreover, it is not enough to know how 
much of each of these elements is present in the food materials. 
Chemists are now being called on not only to give the quantity of 
calcium or of iron in different substances but also to supply informa¬ 
tion that will throw light on the availability of these elements to the 
body. The relationship between calcium and oxalic acid, already 
mentioned, is a case in point. More information is needed on the 
oxalic acid in foods because of its bearing on calcium metabolism. 
There may be other calcium compounds in foods besides oxalate that 
the body cannot absorb or metabolize, but so far the chemist has been 
asked to account only for the total amount of calcium, not to say in 
what form it exists in the food. 

Phosphorus compounds in foods also are dissimilar in their avail¬ 
ability to the body. Some work has been done toward finding what 
kinds of compounds are available and devising chemical methods for 
distinguishing between them as they occur in foods. Information on 
this problem, however, is not of first importance from a dietetic stand¬ 
point, because nutritionists believe human beings rarely suffer for 
tack of phosphorus unless the diet is so bad that several other nutrients 
are deficient at the same time. Other food-composition problems 
that are far more urgent have prior claims on the chemists’ attention. 

Iron compounds are by no means alike in their value to the body. 
Some, the soluble inorganic compounds, are generally admitted to Se 
effective nutritionally while others, complex organic compounds like 
hematin, are known to be almost if not comjiletely inert. Chemists 
are attempting to develop methods that will distinguish available iron 
from iron that the body cannot use, but their efforts so far have not 
been entirely successful. No one denies that a determination of total 
iron in a leafy vegetable, for example, may be a very poor measure of 
the iron that vegetable will contribute to the body. Some progress 
has been made toward determining what part of the total iron is 
present in available form in a number of food materials, but much more 
chemical work in this direction is needed, and to accomplish the end 
in view, it must be performed in connection with biological experi¬ 
ments. 

It has been established by means of experiments with laboratory 
animals that the quantity of total iron in a good many foods is not 
a measure of their value as a source of iron to the body. This method 
usually consists of feeding we^hed quantities of the food under in¬ 
vestigation as a supplement to the ration of rats first made anemic on 
a milk diet, and observing the rate of gain in hemoglobin that follows. 
It has been shown by several investigators that the gains on particular 
foods are significantly slower than they would be if all of the total iron 
were physiolo^cally available. This indicates the need for further 
work to establish satisfactory chemical methods. 

Further discussion of this subject from a more technical standpoint 
follows. 
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The differences in calcium content between inner and outer leaves of cabbage, 
as shown in figure 1, are wide enough to merit careful consideration by chemists 
and nutritionists. The variations in calcium are shown in this chart as relativelv 
wider than either those in solids or those in total ash. In fact, the variations in 
calcium are so great that a logarithmic scale is necessary to show the values for 
green and bleached leaves in proper perspective. The unshaded area represents 
the frequency of analyzed samples that were more or less bleached in the cases 
that were described, or assumed to be bleached in those reported only as ‘‘cab¬ 
bage.” Included with these samples are five from red or violet-colored cabbages 
which on inspection did not appear to differ materially in calcium content from 
the white or nearly white kinds. The shaded area represents the frequency of 
analvzed samples that were either dark-green outer leaves or leaves of the non- 
heacied samples. In the upper distriVmtion, based on calcium, it will be noted 
that the mean of the standard area is eight or nine times the mean of the unshaded 
and that the extreme is more than 20 times the lower mean. 

The similar distributions based on solids and on ash show that there are dis¬ 
tinctions between dark-green and bleached leaves in these constituents too; 
but here the degree of variation is not nearly so great. Attention is called to the 
position of the two samples of savoy cabbage which, so far as we know, are the 
only ones of this variety that have been analyzed as the inside portion of the 
head. This variety is light green in color throughout the head, possibly because 
it is not tightly headed. At any rate it is not white or completely bleached, 
and there are several varieties other than savoy which are like it in being loosely 
headed and light green to the centc'r of the head. The assumption is that other 
varieties that resemble savoy in color will be similar in calcium content, but 
actual evidence on this point is lacking. 

If calcium, even more than total solids or total ash, is associated with green¬ 
ness, it seems obvious that a comi)arison between varieties that are white inside 
and savoy, as well as other kinds that are light green, should be made in the analyt¬ 
ical laboratory. The light-green headed kinds would be distinctly superior, it 
seems, as sources of calcium, but chemists, horticulturists, and physiologists 
apparently have not recognized this as a problem; none of the analyses of cab¬ 
bage made incidentally to their problems has provided a direct answer to the 
question. 

CALCIUM IN SOYBEANS 


A study has been made of the available data on calcium variations in imma¬ 
ture soybeans, that is, in the green-vegetable stages of certain varieties that 
agronomists and home economists have selected as suitable to use in this way. 
This study, based chiefly on the work of two laboratories (1:86l)y* covers 78 s^n- 
ples, the majority of which are on 11 varieties picked at intervals during ripening. 
The investigations on this vegetable are l:)etter designed in several respects than 
those on most foods, and the results here admit of drawing some generalizations. 
According to these data it appears that varietal and other differences in calcium 
arc so wide that they tend to obscure the changes associated with advancing 
maturity, but the latter are by no means insignificant. 

Results on the entire 78 samples'give an average of 0.074 percent of calcium 
(0.034 to 0.109 percent) on the fresh basis and 0.251 percent of calcium (0.161 to 
0.356 percent) on the dry basis. Chemists usually prefer the dry basis on the 
ground that the dry substance is more nearly constant in composition. The 
deviations are not quite so wdde, relatively, in the data on the dry basis as on the 
fresh, but even at best these variations are fully as wide as those in oo 

on the fresh basis. Total solids average about 30 percent and range from 16 to 38. 

Varietal differences are probably chiefly responsible for the wide vanatioi^ m 
calcium content as expressed on the dry basis, although maturity has some effect 
and soil differences and other factors not yet studied may also play some p^t. 
T^he data indicate that as the seed matures the total solids and the calcium on t e 
fresh basis increase rather steadily, while the calcium on the dry basis decreases 


» This section is Intended primarily for students and others “"Bureau of Plant 

‘ Unpublished data on the work of the second laboratory furnished by W. J. A- . 

Industry. 
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somewhat. Thus the younger, more succulent seeds, having less than 30 percent 
of solids, average 25 percent of solids and 0.068 of calcium, while the older seeds 
average 34 percent of solids and 0.080 of calcium in the original material. This 



Figure 1 .—Frequency distributions showing calcium (A), solids (/i), and ash (C) o. 
bleached and unbleached samples of the common cabbage (Brassira oleracea capitata)( 
Among these three constituents calcium shows the greatest variation. The mean in 
each case is the mean of data on the bleached or partially bleached samples (including 
two of savoy cabbage). For ca|cium, the mean is 46.0 mg. per 100 gni.; for solids it is 
T-6 percent; and for total ash it is 0.72 percent. Frequencies are shown in percentages 
of these means, using a logarithmic scale. In this wav the very high calcium values 
for unbleached cabbap can be given on the same scale as the low ones for bleached 
cabhage, and still show the variation in the latter. 

increase coincides with a small but significant decrease in the calcium as a per¬ 
centage of the dry matter. 

It is customary in estimating the mineral content of a diet to use a single 
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calcium figure—expressed as a percentage of the fresh material—to represent 
any particular vegetable, disregarding all such variations as those under considera¬ 
tion here. The fresh green vegetable might be estimated at one figure and the 
mature seed in the air-dry form at another, but generally no finer distinction is 
feasible. Thus a single figure for calcium in green vegetable soybeans, say 0 074 
percent, would ordinarily be used for any kind that was not fully mature. A 
general estimate of 0.251 percent of the dry matter is slightly better as an estimate 
than the average that disregards differences in maturity or in total solids; but 
even this small improvement in making estimates has no practical value in cal¬ 
culating a given diet unless cither the stage of maturity or the moisture or total 
solids content of the p^irticular sample is known. 

In prejmring tables it would seem that the calcium content of each variety 
might be given separately. This would offer a logical solution to the probleni, 
since varietal differences appear to be of most importance; but there are many 
varieties that might be used, and data are available for only a very few of thein. 
Further experiments may show that the varieties that tend to have more calcium 
have certain other characteristics in common; and as evidence is accumulated it 
may be feasible to present data on several classes of soybeans according to type 
or variety. 

Green vegetable soybeans taken as a whole are apparently no more irregular 
in their calcium content, relatively, than the bleached leaves of cabbage; but 
since they are a richer source of calcium, the absolute errors introduced into diet 
estimates by using a single value for all varieties and stages are potentially much 
greater. Calculations on a day^s diet that contained a single helping of 100 
grams or 3^2 ounces of the vegetable could be in error from this source alone by 35 
or 40 milligrams, and this would correspond to an error of about 5 or 6 percent 
of the daily calcium standard for an adult man. 

The two examples, cabbage and soybeans, were chosen not as extreme cases 
but to show, from material at hand, the variability in foods and its bearing first 
on the preparation of food-composition tables and finally on dietary calculations, 

AVAILABLE IRON 

One method for determining the ionizable iron in foods, using the dipyridy 
reagent, gives results in a number of foods that parallel the biological effect, that 
is, the hemoglobin response, to some extent 1029 ). The parallel is not com¬ 
plete, however. The gain in hemoglobin is even slower on some foods than would 
be expected if the body could make good use of all of the iron determined as ion¬ 
izable by this’chemical method { 1080 ). Such lack of correspondence between the 
quantities that are ionizable and the physiological effect may be due to some other 
property of the food that hinders the utilization of the iron by the body, or to 
peculiarities in the biological response of the individual (^5^, 457 ). In spite of 
this lack of agreement, the dipyridyl method may still be suited to measure the 
kind of iron that the body can utilize when conditions are favorable. In any case, 
however, further work is needed to develop a more acceptable chemical measure 
of the quantity of iron that may potentially function as available iron in nutrition. 

Nutritionists can now say with some certainty that part of the iron in foods is 
in effect inert, and that the part that is inorganic and soluble is in a form that, 
potentially at least, can be utilized by anemic animals. Determinations of 
ionizable as well as total iron in foods, then, are much to be desired; until further 
developments, the quantity of ionizable iron in foods, determined by the current 
modification of the existing method, is the best chemical index we have to the 
way the food will perform as a source of iron for the body. It has been shown 
elsewhere in this Yearbook (p. 197) that progress in establishing the iron require¬ 
ments of human tieings can also be advanced when a sharper distinction can be 
made between iron that is nhyBiologically available and that which is not. 



VITAMIN CONTENT OF FOODS 


by Esther Peterson Daniel ‘ 


IN ADDITION to analyzing foods for their content of water, 
protein, fat, carbohydrate, and minerals, the modern food chemist must 
determine their vitamin content. Methods for doing this are still difficult 
and tedious, though the recent discovery of several of the vitamins in 
pure forms will be a great help. This article gives lists of foods that are 
exceptionally good sources of vitamins A, C, D, thiamin, riboflavin, and 
nicotinic acid. The author also tells how the vitamin content of foods 
is affected by various conditions of production, storage, processing, and 
cooking, and suggests some practical ways to prevent undue vitamin 
losses. 


Some twenty-odd years ago the public responded to its introduction to 
vitamins with a single question: “What good are they?” This ques¬ 
tion was dramatically and convincingly answered by the production of 
deficiency diseases in experimental animals receiving diets lacking 
these _ important nutrients. Interest immediately centered in dis¬ 
covering vitamin-containing foods which could prevent or cure such 
deficiency diseases in man, and a long series of tedious experiments 
'%a'8 begun in which one food after another was tested on laboratory 
animals to determine its importance as a vitamin carrier. 

Qualitative tables were set up showing what vitamins were present 
in certain foods, but these soon proved insufficient.^ It had become 
evident that vitamins play an important part in health and well¬ 
being, and it was seen to be essential not only to learn where to find 
them but to ascertain in what quantities they are available. And so 
from the original crude biological tests more carefully controlled meth- 

> Esther Peterson Daniel is Associate Nutrition Chemist, Foods and Nutrition Division, Bureau of Home 
Economics. 

* Tables of numerical values for the vitamin content of foods have not been included in this article. In 
recent years scientists have adopted new units of measure for the well-known vitamins. These units are 
Ming used throughout the world to obtain more reliable vitamin values for foods. Too few of our ordinary 
KKws have Men measur^ in terms of the new International Units to Justify making a table of numerical 
values at this times and it would be unfortunate to perpetuate the older units of measure which are certain 
to be replaced in the near ftiture. 
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ods were gr^ually devised and units were adopted for measuring the 
exact vitamin content of a food. Just as it was once arbitrarily de¬ 
cided to let the weight of a grain of wheat be the unit upon wWch to 
build the English system of weights, so in the present case it was 
agreed that a certain defined response in laboratory animals would 
indicate the presence of 1 unit of vitamin. This is the biological 
method of measurement. 

Meanwhile, the chemical identification of several of the vitamins 
has aroused interest in finding chemical methods of measurement. 
The aniounts of vitamin A, carotene, and ascorbic acid in foods are 
now being determined chemically by several investigators, with vary¬ 
ing degrees of success. 

Knowledge of the vitamin content of foods is essential in analyzing 
human dietaries and is necessary in providing a practical means of 
establishing vitamin requirements and in recommending foods that 
will best meet these requirements. 

As the list of vitamin-containing foods grew, it became apparent 
that each vitamin has its own characteristic distribution. An attempt 
is made here to point out the more important sources of the different 
vitamins {256, 363) ^ and to indicate some of the factors that influence 
and limit the vitamin content of foods. 

NATURAL OCCURRENCE OF VITAMINS 

VITAMIN A 

Vitamin A activity was early associated with highly pigmented 
foods, particularly those having a deep green or yellow color. This 
association became extremely puzzling when it was discovered that 
vitamin A itself is an almost colorless substance that occurs only in 
a limited number of animal and marine foods. It was some time 
before scientists recognized that certaiti yellow-orange pigments, 
which are contained in many plant and some animal foods, are changed 
over into vitamin A in the body. These substances, belonging to a class 
of pigments known as carotinoids, are precursors of the vitamin, and are 
often referred to as provitamin A. The yellow-orange color of provi¬ 
tamin A may he masked m some foo<ls by the presence of chlorophyll 
(the green coloring matter in plants), or by other pigments such as lyco¬ 
pene (the red coloring matter in tomatoes). The depth of color of a green 
or yellow plant food is often a rough indication of the amount of pro¬ 
vitamin A that it contains. For example, yellow corn is richer in 
provitamin A than white corn; sweetpotatoes contain more than 
potatoes; and green leaves are a better source of this pigment than 
bleached leaves. On the other hand, there are a few very highly 
colored foods, such as cranberries and beets, that display little or 
practically no vitamin A activity. . . * 

Although animal foods may contain besides vitamin A some pro¬ 
vitamin A which influences their color, depth of color in animal foods 
is never a dependable index of their vitamin A activity. For instance, 
although egg yolks generally contain these vitamin A-active pigments 
in varying amounts, oy controlled feeding of the hen it is readily po^ble 
to produce highly pigmented egg yolks that contain practically no 

* Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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vitamin A activity. It is equally easy to produce pale-colored yolks 
that are exceedingly rich in vitamin A. 

Foods in which vitamin A and provitamin A occur * are listed in 
table 1. 


Table 1. —Food sources of vitamin A and provitamin A 


Type of food 


Excellent soiirc'es 


Animal products... 
Vegetables___ 


Fish-liver oils, liver, fish roe, egg yolk, 
butter, cheese. 

Kale, spinach, dandelion greens, dock, 
escarole, chard, lambsqiiarters, turnip 
tops, green lettuce, collards, water 
cress. Chinese cabbage, broccoli, mus¬ 
tard greens, beet greens, carrots, sweet- 
potatoes, yellow squash, sweet pep¬ 
pers, red tomatoes, green petvs. green 


Good sources 


('ream, kidney, oysters, whole milk, red 
salmon. 

Green asparagus, okra, Tlrusssels sprouts, 
globe artichokes, yellow tomatoes. 


Fruits. 


Apricots, papayas, mangoes, prunes, 
yellow peaches. 


Cereal. 


Avocados, guavas, cant-aloiips, black¬ 
berries, black currants, blueberries, 
bananas, pineapples, green and rii>e 
olives, dates, deep-yellow juice oranges. 

V»'llow corn meal 


VITAMIN D 


The natural distribution of vitamin D appears to be limited to a 
comparatively few animal and marine foods; as yet there is insuffi¬ 
cient evidence to establish its occurrence in foods of plant origin. 
Cod-liver oil had been outstanding as an effective cure for rickets even 
before the recognition of vitamin D, a deficiency of which was fouml 
to be the cause of this disease. For many years after the discovery 
of vitamin D, cod-liver oil was the richest known source of this 
vitamin. Now it is known that a number of other fish-liver oils, such 
as those of halibut, tuna, salmon, sardine, and swordfish, outrank cod- 
liver oil in vitamin D activity, some of them being many times richer 
in this vitamin than cod-liver oil. 

On the other hand, some foods of plant origin contain a substance 
that is changed into vitamin D upon irradiation with ultraviolet light. 
Anirnal foods contain a similar substance which can be activated by 
irradiation. The ultraviolet rays may be furnished either b^ the sun 
or by so-called sun lamps. This method of supplying vitamin D 
through the irradiation of foods is known as the Steenbock process, 
from the name of its discoverer. Since one of these provitamin D 
substances exists in the human body, it is possible to supply ftu 
individual mth vitamin D bv exposure of the-body to ultraviolet light. 

In addition to foods enriched with vitamin D by the Steenbock 
irradiation process, the following animal products are natural sources 
of the vitamin: * 

Excellent sources: Fish-liver oils and egg volk (from hens on diet high in 
vitamin D). 

Good sources: Salmon, sardines, eggs, and butter. 

Small amounts: Liver, cream, whole milk, and oysters. 


‘ These foods and those listed as sources of the other vitamins have been classified on the basis of eoual 
weights. Con^uently their vitamin value in the diet depends not only upon vitamin content but also 
upon the qwntities a food which contains only a fair amount of vitamins may become a good or 

an exMJlant source if li^ral quantities are ii.sed. Likewise, a focKi having a very high concentration of 
vitamin may be included so infrequently or in such small amounts that it offers no real vitamin 
contribution. 
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VITAMIN E 

Methods for determining the amounts of vitamin E in foods have 
not been so well worked out as for some of the other vitamins and 
less is known about its quantitative distributiotu It appears to occur 
in a great many foods, at least in small quantities. The germ portion 
of the wheat grain is an especially rich source, while vegetable oils, 
green leaves, and eggs contain considerable amounts. Scientists at 
the University of California, who have been interested in vitamin E 
for a number of years, have published a report in which they discuss 
its general distribution (34^). 

ASCORBIC ACID (VITAMIN C) 

In his efforts to alleviate scurvy among sailors, James Lind, a 
surgeon in the British Navy, in 1747 found orange and lemon juices 
effective in curing this condition. By 1795, well over a century before 
ascorbic acid was discovered, the British Navy was regularly ad¬ 
ministering lime juice to sailors for the prevention of scurvy. Today 
citrus fruits are universally recommended, and tomatoes, although 
containing less ascorbic acid than most citrus fruits, have proved to 
be a popular and very valuable source of this vitamin. 

In some countries it has been said that the potato has been e.xtremely 
valuable in decreasing the incidence of scurvy. Potatoes are not a 
particularly rich source of ascorbic acid, but considering the relatively 
large quantities in which they are generally used, they may coiitrihute 
important amounts of this vitamin to the diet. Foocls containing 
ascorbic acid * are liste<l in table 2. 


2. Finn! stmrres of ascorbic acid (vitamin (') 


Type (»f fo<Ml 

FAcrllent sources 

rT(H>d sources 

Animal products. 

Liver, brain . 

(\)llards, turnip greens, mustard greens, 
kale, water cress, spinach, dandelion 
greens, sweet peppers, kohlrabi, ruta¬ 
bagas, turnips, Brussels sprouts, eauli- 
flow'er, cabbage, broccoli, asparagus, 
fresh and canned tomatoes, grtnui iH*as, 
corn salad, radishes. 

Kidney. 

VcKcl ables . _ 

Endive, cucumbers, potatoes, sweet- 
IHTtatoes, green beans, parsnips, 
rhubarb, leeks, onions, globe arti- 
cliokes. 

Fruits _ . 

Uuavas, mangoes, oranges, lemons, grape¬ 
fruit. tangerines, currants, straw’berries. 
goo.se berries, raspberries, cantaloups. 

Pineapples, cherries, cranberries, papa¬ 
yas, bananas, iK'aclies. apples, avo- 
ciTdos, watermelon. 

Seeds. - 

Sprouted see<ls . . 

i 

1 


THIAMIN (VITAMIN Bi) 

Our forefathers, in the clays before mociern inac'hinery made possible 
the present refining of foods, were unknowingly blesseci with a greater 
abundance of thiamin (sometimes called aneurin) than is generally 
found in present-day diets. The polishinp^ from rice and the bran 
and germ portions of grains are ajuong the richest sources c>f this 
vitamin. In an effort to meet the human requirement for thiamin, 
nutritionists are urging the greater use of whole-grain cereals and 
breads. Meanwhile new milling processes are assisting in providing 
more thiamin in the diet by replacing in patent flour the germ portic^ns 
of the grain. . , , 

Besides the outstanding plant sources—whole grains, legumes, and 

• See footnote 4, p. 2»8. 
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nuts—thiamin occurs in many animal and marine foods. A curious 
observation, which is as yet without explanation, indicates that lean 
pork is an' exceptionally rich source. 

Since the chemical isolation of thiamin has made possible its use as a 
standard for vitamin Bi assay, methods for determining the quantity in 
foods have greatly improved. In order to extend the meager rehable 
information regarding the thiamin content of fo’ods, the Bureau of Home 
Economics tested some 90 foods for thiamin content during 1938—39. 

A list of foods containing thiamin in varying amounts * is given in 
table 3. 

Tabi.e 3. —Fottd sources of thiamin {vitamin B,) 


Type of food 

Excellent sources 

Good sources 

Fair sources 

Animal products - 

Lean i)ork, chicken, kid¬ 
ney, liver. 

Egg yolk, brains, lean beef, lean 
mutton, fish roe, codfish, sar¬ 
dines, whiting. 

Fresh milk (whole or 
skim). 

Vegetables _ 

Green peas, green lima 
beans. 

Potatoes, swt'ot corn, sweetpota- 
toes, Brussels sprouts, cauli¬ 
flower, cabbage, mushrooms, 
spinach, turnip greens, water 
cress, garden cress, lettuce, col¬ 
lards, kale, onions, leeks, to¬ 
matoes, wax and green beans, 
parsnips, beets, carrots. 

Turnips, broccoli, kohl¬ 
rabi, eggplant. 

Fruits. 

Seeds. 

Wheat germ, corn germ, 
rye germ, rice polish¬ 
ings, wheat bran, oats, 
whole-grain wheat, rye, 
barley, brown rice, pea¬ 
nuts, soybeans, cow- 
peas, navy beans, dried 
pea.s. 

Prunes, avocados, pineapples, 
oranges, grapefruit, tangerines, 
dates, flgs, plums, pears, ap¬ 
ples, cantaloups. 

Hazelnuts, chestnuts, brazil 
nuts, walnuts, almonds, pe- 
! cans. 

Bananas, watermelons, 
raspberries, black¬ 
berries. 


RIBOFLAVIN (VITAMIN 6) 

Riboflavin, one of the more recently isolated vitamins, has an 
extremely Avide natural distribution. Milk, eggs, meat, green leafy 
v^etables, whole cereals, and legumes all furnish liberal quantities. 
Glandular meats such as liver, kidney, and heart are better sources 
than the muscle meats, and dark meats contain more than light ones. 

Food sources of riboflavin * are given in table 4. 

Table 4. —Food sources of riboflavin {vitamin G) 


Type of food Excellent sources Good sources 


Animal products Liver, kidney, heart, lean Fresh (whole or skim) milk, hut- 
muscle meats, eggs, termilk, whey, 
cheese, dried (whole or 
skim), condensed, and 
evaporated milk. 

Vegetables--. Turnip tops, beet tops, Peas, lima beans, spinach, water 

kale, mustard greens. cress, collards, endive, broc¬ 
coli, green lettuce, cabbage, 
cauliflower, carrots, beets. 

Fruits.. Pears, avocados, prunes, man¬ 

goes, peaches. 


Seeds. Germ portion of wheat. Whole-grain wheat, dried leg* 

rice polishings, peanuts, umes. 
soybeans. 


Fair sources 


Bananas, cured flgs, 
grapefruit, oranges, 
apricots, guavas, pa¬ 
payas, muskmelons, 
apples. 


• See footnote 4, p. 288. 
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NICOTINIC ACID (PELLAGRA-PREVENTIVE FACTOR) 

Probably no vitainiii-deficiency disease is more prevalent in tbe 
United States than pellagra, yet the factor or factors effecting its 
cure are still oidy partly understood. Only recently has the value 
of nicotinic acid in the prevention and treatment of this disease been 
recognized. 

Tlie Public Health Service has made a rather extensive study of 
foods which have pellagra-preventing properties. Over a period of 
years, certain foods have been found by trial to be more or less effec¬ 
tive in preventini? or curing pellagra in'human beings. Those known 
to be most effective are lean meats, chicken, liver, green leafy vege¬ 
tables, legumes, and tomato juice. 

A list of good to fair sources of nicotinic acid^ follows: 

Animal products; Liver, salmon, rabbit, fre.sh and corned iicef, lean pork, 
chicken, buttermilk, e^g yolk, skim milk (fresh and dried), evaporated milk, and 
haddock. 

Vegetables; Green peas, collards, turnip greens, kale, tomato juice, cowpeas, 
soybeans, green cabbage, spinach, and mustord greens. 

Seeds: Wheat germ, peanut meal, and green (efried) peas. 

OTHER VITAMINS 

Vitamin K, the antihemorrhagic factor, is known to occur in lai^e 
quantities in green leaves. Withering or yellowing of the leaves 
appears to have no effect on the vitamin. Flowers, roots, and seeds 
contain much less than green leav'es {253). 

Experiments with laboratory animals have proved the existence of 
several vitamins other than those discussed, but practically nothing 
is known concerning their importance in human nutrition. 

FACTORS AFFECTING VITAMIN CONTENT OF FOODS 

A great many factors affect the vitamin content of foods. Some 
are environmental influences which can be only partly controlled; 
others are the result of artificial processes carried out in the attempt 
to preserve and prepare foods for human consumption. Such factors 
are universally recognized, but their specific influences on the different 
vitamins in various classes of foods are still little understood. 

The physiological functions of the vitamins, although by no means 
clearly understood, undoubtedlv determine the site of vitamin con¬ 
centration in plants and animals. In plants ascorbic acid is always 
present in greatest amounts in the growing parts, and both ascorbic 
acid and vitamin A are more concentrated in the protective covering, 
or skin, and in the fleshy portion directly beneath the skin than in 
the inner flesh. 

In animal foods likewise, the vitamins occur in greater concentra¬ 
tion in certain body tissues. Liver is the storehouse for many of the 
vitamins and is thus richer in these nutrients than are muscle meats. 
Riboflavin occurs in larger quantities in dark meat than m light meat. 

VARIETY, SOIL, AND CLIMATE 

The varietv of plant and the type of soil are factor influencing vita¬ 
min content {1068, 1146). Over these, man has only partial contml. 


' See footnote 4, p. 288. 
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He is frequently restricted to certain varieties of fruits and vegetables 
best adapted to a given region. The weather conditions and the sea¬ 
sons further influence vitamin formation. An interesting observation 
made by members of the Bureau of Plant Industry indicates that 
oranges picked from outside branches well exposed to sunlight contain 
more ascorbic acid than shaded fruit grown on the same tree. 

DEGREE OF MATURITY 

The stage of maturity of many plant foods also has an effect on 
vitamin content (858). For example, the vitamin A, thiamin, and 
ascorbic acid content of tomatoes increases with maturity. In corn, 
the vitamin A increases until the seed is fully ripened, while ascorbic 
acid decreases with maturity and ripening. Likewise, as green peas 
mature the ascorbic acid content diminishes. The Bureau of Plant 
Industry found that green oranges contain more ascorbic acid than 
the fully ripened fruit. Spinach, snap beans, and rhubarb show no 
significant change in ascorbic acid value as they become mature (1146). 

FEEDING PRACTICES AND BREED 

The vitamin value of animal products such as milk and eggs is de¬ 
pendent to a considerable extent upon the diet of the cow and hen 
(273, 276, 385, 1056). At present many poultry and dairy managers 
reco^^ize the value of feeding vitamin-rich foods for the production 
of vitamin-rich eggs and milk. Pasture-fed cows give milk that is 
richer in aU the vitamins than stall-fed animals, and plenty of sun¬ 
shine for the cows assures milk richer in vitamin D. 

As the period of lactation progresses, the vitaniin A content of milk 
decreases (386), while the quantity of thiamin remains practically 
constant. Eggs at the beginning of the laying season contain more 
vitamin A than those produced later by hens receiving the same diet 
during the entire period (1066). 

There is also evidence that the breed of cow may slightly influence 
the vitamin content of milk ( 410 ). 

PRESERVATION AND STORAGE 

Very little of our food comes directly from the garden to the table. 
Much of it is canned, frozen, or dried for later use, when it may be 
either unavailable fresh or prohibitive in price for the average indi¬ 
vidual. A large part of the unprocessed food may be delayed for a 
considerable time in getting to market, held in the market itself, or 
kept in our own pantries and refrigerators before it is finally prepared 
and served. 

This unavoidable temporary storage of food is always accompanied 
by certain vitamin losses (868, 1146). Type and condition of the 
food and the length and temperature of storage all influence the degree 
of loss. Riboflavin, nicotinic acid, and vitamins D and E appear to be 
little affected during storage; but vitainin A and thiamin are gradually 
lost, and there may be senous destruction of ascorbic acid. 

The effect of storage on ascorbic acid, of all the vitamins, is best 
understood. As soon as fruits and vegetables are gathered, certain 
changes take place in their structure that allow a gradual destniction 
of ascorbic acid. Certain enzymes that are present hasten this 
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destructive action. Thus, delays in marketing or the holding of 
vegetables like spinach, beans, and peas in household refrigerators or 
pantries too long before they are used may result in considerably de¬ 
creased ascorbic acid content. Any bruising, peeling, cutting, chop¬ 
ping, or shredding of the food breaks down the cell walls, frees the 
enzymes mentioned, and thus accelerates ascorbic acid loss through 
oxidation {36^). This explains the recommendation to prepare 
chopped fruit and vegetable salads immediately before use. The acid 
in such foods as tomatoes, citrus fruits, and rhubarb helps to preserv^e 
ascorbic acid, and extracted juice from these may be stored in the 
refrigerator for 2 or 3 days and still retain considerable quantities of 
this vitamin. 

Freezing 

There is very liniiled information on the effect of freezing and 
freezing operations on vitamins ()ther than ascorbic acid (358, 360, 
586). As a matter of fact, freezing itself appears to have no destruc¬ 
tive action upon the vitamin content of foods. Losses sometimes 
attributed to freezing generally occur before the foods are frozen or are 
a result of improper handling during and after freezing. For example, 
the manufacturing operations concerned with shelling, washing, and 
blanching of lima beans and peas have often been found to result in a 
loss of as much as 50 percent of the ascorbic acid. Slow freezing, 
slow thawing, or storage of the frozen product above 0° F. (a tem- 
jieratiire lower than zero is preferable (587)) adversely affects the 
vitamins. Frozen foods, especially vegetables such as peas, beans, 
and spinach, rapidly lose ascorbic acid if allowed to stand after thaw¬ 
ing, and it is generally recommended that cooking be started while 
they are still in the frozen condition. Fruits which are to be used 
uncooked should be served immediately after thawing. 


Drying 

Foods lose vitamin A, thiamin, and particularly ascorbic acid 
during drying (358), and if the dehydration process is prolonged, these 
vitamin losses may be serious. Several investigators have found sun 
drying more destructive than artificial dehydration. Sulfur dioxide, 
frequently used in commercial practice, tends to prevent the destruc¬ 
tion of vitamin A and possibly of ascorbic acid, but does not consents 
thiamin. In fact, thiamin is'readily destroyed when sulfur dioxide is 
present. 

Very little is known about the effect of drying on the other vitamins. 
The nboflavin values of dried and evaporated milks would indicate 
no appreciable destruction of this vitamin. Extremely meaner evi¬ 
dence suggests no appreciable loss of vitamins D and E and nicotinic 
acid in foods due to diydng. 


Canning 

Most vitamin losses in canning are due to oxidation (358, 363, 641). 
Consequently the aim in canning methods devised to preserve vitwnm 
content should be to exclude air from the hot food just as much as 
possible. The so-called open-kettle method of canning with subse¬ 
quent transfer of the hot food to containers permits greater vitamin 
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destruction than methods in which the foods are processed directly 
in the jars. Removing the air from the containers before processing 
further helps to keep down vitamin loss by oxidation. It also mini¬ 
mizes the loss of vitamins during storage of the canned material. 

As in cooking, acid foods retain more of their vitamm content during 
canning than nonacid ones. After canning, citrus fruite and tomatoes, 
for example, are still excellent sources of ascbrbic acid, even though 
this is the most easily destroyed of the vitamins. 

COOKING 

Today the art of cooking is more than the production of a tasty 
diab attractively served; it also includes the conserving of food 
values {S68, 362). While certain vitamin losses during cooking are 
unavoidable, considerable quantities of these valuable protective 
substances are needlessly thrown away every day. 

Under certain conditions, the oxygen in the air changes vitamins 
into other substances that do not have the protective properties of 
vitamins. This process of oxidation is accelerated by heat. Thus, 
stirring air into foods while they are cooking or sieving them while 
they are still hot is a frequent cause of vitamm destruction {677). An 
alkaline substance like soda, frequently used to preserve green color 
in vegetables, also intensifies oxidation, which has a destructive effect 
on all of the vitamins. Acid, on the other hand, either when added 
or naturally occurring as in tomatoes and many fruits, helps to protect 
the vitamins in food during cooking. 

In the case of ascorbic acid, oxidation is accelerated by an enzyme 
referred to as ascorbic acid oxidase {623) and also by certain metals 
such as copper. The enzyme is inactivated by heat; thus, for the 
conservation of ascorbic acid, it is desirable to employ a method of 
cooking that rapidly raises the temperature of the food to the boiling 
point. It was found, for example, that about one-fourth of the 
ascorbic acid of cabbage was destroyed before boiling and very little 
after the boiling point was reached, although a considerable quantity 
was dissolved in the cooking water {427). 

Ascorbic acid, thiamin, riboflavin, and nicotinic acid all dissolve 
readily in water; therefore the water in which foods are cooked may 
acquire considerable amounts of these vitamins. The more water 
that is used, the greater will be the amount of vitamin dissolved out 
of the food. It has been pointed out that the cooking water which 
remains after preparing certain vegetables may be as rich a source of 
ascorbic acid as tomato juice {1146). It is recommended that cook¬ 
ing be done in as little water as possible, and that the water drained 
from cooked vegetables be served in gravies, sauces, or soups; other- 
wke, valuable food substances will be lost. The insolubility of vita¬ 
mins A, D, and E in water prevents loss of these vitamins in this way. 

Either steaming or the so-called waterless method of cooking dis¬ 
solves out less of the water-soluble vitamins than boiling. On the 
other hand, the more rapM process of boiling helps somewhat to pre¬ 
vent ascorbic acid destruction. These methods of cooking appear to 
have no significant destructive effect on the vitamins other than 
ascorbic acid and, to a lesser extent, thiamin. Long cooking processes 
such as stewing permit greater vitamin losses. Frying is probably 
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the most destructive of the ordinary cooking methods and may result 
in a complete loss of ascorbic acid, considerable loss of thiamin, and 
significant destruction of vitamin A. Limited experiments indicate 
that baking causes somewhat less destruction {246, 369, 862, 1205). 

Far too Tittle is yet known about the effects of various methods of 
cooking on the vitamin content of different foods. Ascorbic acid, 
as the most easily destroyed of the vitamins, has been most intensively 
studied, but even with it much is still to be learned concerning the 
effects of various processes. 

Most of the foods of man receive some treatment before they reach 
his dinner table. It is from these cooked, canned, frozen, dried, and 
stored foods that much of his vitamin requirement must be supplied. 
In order to establish these requirements and meet them adequately 
nutritionists realize the great need for extending the present meager 
knowledge concerning the vitamin losses which occur as a result of 
these various treatments. 

SUGGESTIONS FOR SAVING VITAMINS 

So far as the homemaker is concerned, present knowledge might 
be summed up in the following practical suggestions for the preserva¬ 
tion of vitamin values in cooking and serving foods: 

Don’t stir air into food.s wliile cooking. 

Don’t put them through a .sieve wiiile still hot. 

Don’t use soda in cooking green vegetables. 

In boiling foods, raise the temperature to the boiling point as rapidly as possible. 

Use as little water as possible. 

Don’t use long cooking proce.s8es .such as .stewing when shorter methods are 
feasible. 

Don’t throw away the water in which vegetables have been cooked. Use it in 
making gravies, sauces, and soups. 

Don\ fry foods valuable for their content of vitamins A, Bj, or C. 

Prepare chopped fruit and vegetable salads just before serving. 

Start cooking frozen foods while they are still frozen. 

Serve raw frozen foods immediately after thawing. 



PRESENT-DAY DIETS 
IN THE UNITED STATES 


by Hazel K. SUeMtng and Callia Mae Coons > 


WHAT are the food habits of the people of the United States? How 
far do they conform to what is known of good nutrition? What propor¬ 
tion of the families in this country are well nourished, passably nourished, 
and poorly nourished? Does everyone get as good a diet as he might for 
his money? In this article, old and new data are examined to answer 
these and other questions. 


It is now possible to say with a fair degree of accuracy what nutri¬ 
tive elements people should have if they are to gain and maintain the 
best health possible for them as individuals. Thanks to many years 
of patient research by such men as Sherman at Columbia, McCollum 
at Johns Hopkins, Mendel at Yale, Atwater of the United States 
Department of Agriculture, and a host of others in this country and 
abroad, there is now considerable evidence as to how much of each 
nutrient a diet should supply and how much can be contributed by 
each of the many kinds of American food materials. 

Hence it is not the insurmountable task that it might appear at 
first glance to compare meals superficially as different as those of 
a family whose forebears arrived on the Mayflower and those of a 
family from the Orient. The family of a laborer making $500 a year 
might never see many of the foods served regularly at the table of a 
corporation president with an income of $100,000. Yet in both 
instances the foods comprising the diets can be classed into the same 
dozen or so food groups, and the food values can be translated into 
the same nutritional terms. 

It is vital to know the kinds and quantities of food people eat. 
Careful analyses can then show whether diets have nutritional short¬ 
comings, and recommendations for improvement can be made, taking 
food preferences and incomes into account. This is important not 
only for individuals and families, but for communities and even for 
nations. It takes a surprising amount of work collecting facts aiui 
compiling figures to find out what the dietary habits of even a com- 

■ Hatel K. Stielwling aud Callie Mae Coons are S«!nlor Foo<l Kconuiiiists, Bureau of Home Economics. 
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paratively small segment of a population really are, but such work 
must be done if there are to be any accurate pictures of food needs on 
which to base efforts at dietary improvement. 

This article will deal with food-consumption habits in the United 
States, considering farm families first, then city and village families, 
and pointing out various factors that influence the diets of each group! 
It wdl draw on scattered data collected over many years, including 
much unpublished material obtained in a recent study of consumption 
in relation to income, made by the Bureau of Home Economics in 
cooperation with other Federal agencies. This study is one of the 
broadest and most complete, as well as the most recent, made in the 
United States. 

DIETS OF FARM FAMILIES 

Most farm families differ from city families in that they not only 
buy food but produce it for themselves (fig. 1). They count heavily 
on the garden, the orchard, the poultry flock, the cow, and the meat 
animals. Food produced on the farm may represent less than half 
or more than three-fourths of the total money value of the food supply 
for the family. The amount of food produced varies with the eco¬ 
nomic status of the family, the size of the farm, the type-of-farming 
area—including climate and soil—the amount of capital and labor 
that can be invested in production for home use, and the family’s 
attitude toward home production. 

Some people insist that food production for family use is not 
worth the effort unless the farmer is willing to accept the mere joy of 
the work as compensation. Others are just as sure that no other acre 
of land and no equal amount of effort spent in commercial farming 
have a money-earning value equal to the money-sparing value of 
farm-furnished food, r^w appreciate fidly the contributions of farm- 
furnished food to the family diet—nutritive values worth more 
than the amount of money involved and not ordinarily purchased 
even when there is plenty of money. If, as studies indicate, rela¬ 
tively more farm families than city and village families have diets 
that can be rated as good, this must be attributed to the use of home- 
produced food. But even with e.xtensive programs of production for 
liome use, expenditure for food still tends to be the largest cash outlay 
for farm-family living. Usually as much as 20 percent and often 
more than 30 percent of the cash spent for all family needs goes for 
food. 

How much do farm families actually produce for home use? Ac¬ 
cording to estimates of the Bureau of Agricultural Economics (1157),^ 
farm families in 1938 produced some $1,250,000,000 worth of food and 
fuel (valued at farm prices) for home consumption. On the whole, 
1938 was a good year for gardens and orchards and for feed ci’ops for 
poultry, dairy cows, and meat animals. Considerably more food was 
reserved for home consumption than in 1937, although its money value 
was lower because of lower prices. But a declme in market values 

does not diminish the use-value of these goods. 

A comparison of the amount and kind of food furnished in l935-3b 
by farms in selected type-of-farming areas is shown m table 7 in the 

* Italic numbers In paronthosos refer to Literature Cited, p. 1075. 




Figtire I.—Why farm families have better diets than city families. They produce part of their own food supply. 
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appendix (p. 316). These figures ® refer only to families of nonrelief 
native-born farm operators. Families on relief, foreign-bom, Negroes 
(except in the Southeast) and other colored races, broken families, 
families on farms where they had not lived for a year, and share¬ 
croppers and farm laborers were excluded from this study. The reader 
should keep in mind that the exclusion of these classes of farm families 
tended to eliminate many of those with the lowest incomes. In addi¬ 
tion, the areas chosen as being well adapted to a specific type of farm¬ 
ing (as cotton or wheat) often were not typical of the State as a whole 
but represented better farm land than the average. 

Milk appears to be most freely consumed on farms in those counties 
noted for milk production and in areas where little milk goes to com¬ 
mercial markets and the families tend to consume most of that pro¬ 
duced. Ma^ eg^ and chickens are used in the Grain Belt, much 
pork in the Com Belt, and other meat in the grazing area. A con¬ 
siderable quantity of potatoes are grown for home use in the North, and 
gardens and orchards are possible in most parts of the country. In 
some sections, however, notably the Great Plains, climatic conditions 
interfere with the success of gardens and orchards often enough to 
discourage plantings. In the Southeast, the amounts of sorghum, 
field beans and peas, and com for family use add up to sizable propor¬ 
tions. The fmit and nut section of southern California represents a 


highly specialized type of agriculture, and families there enjoy com¬ 
paratively high incomes and more urbanized ways of living than are 
found in most rural areas of the United States. The effect is seen in 
the very limited amount of food produced for home use in that section. 

In most areas the cash-sparing value of home food production is 
generally acknowledged. For families consisting of husband, wife, and 
one child under 16 years of age, living in general farming areas of 
Pennsylvania and Ohio, and having an average of $630 a year to spend 
for family living, the general relationship between expenditures for food 
and the money value of farm-furnished food is shown in figure 2. 

The money expenditures for food by these faniilies dropped steadily 
with increasmg volume of home production until a minimum of about 
$160 a year was reached. This minimum represents the expenditures 
for articles which could not be furnished by the farm or which, in the 
families’ judgment, it did not pay to produce. Had no food been home- 
produced, it seems likely from the data at hand that these families 
would have spent about $265 a year for food. 

The difference, about $105, between this estimated maximum ex¬ 
penditure for food and the average minimum does not, of course, 
represent clear cash gain. Time, energy, and land as well as money 
must be invested in producing food for family consumption. Bu 
when families have only $630 at their disposal for all of their iving 
expenses, they can command many more goods and services that cannot 
be home-produced if they are able to obtain their food for a direct cash 
outlay of only $160 rather than $265 a year The saymg represents 
about 40 percent of the possible food bill and about 17 percent of the 

total cash spent for living. ,, j j for«iiv nao 

The benefits of a suitable prograni of food the 

are not confined to cash spanng, however. They 

•Unpublished data, Bureau of Home Bconomlcs. Consumer Purchases Study. 
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health-conserving values of nutritionally adequate diets. The lower a 
family’s money income, the more its well-being depends upon these 
fami-funushed supplies. Home production tends to improve diets 
because it helps even families with very low incomes to obtain generous 
'supplies of eggs, milkj butter, and green-colored vegetables—foods so 
important for their mineral elements and vitamins that they are often 
called protective foods. The diets of urban families buying all of their 
food are frequently deficient in these protective foods because they are 
relatively expensive in city markets. Not only do these foods take 



VALUE OF HOME PRODUCED FOOD (DOLLARS) 


Figure 2 ,—The more food the farm produces for home use, the less cash the family 
spends on groceries. Preliminary data based on r^orts for 1935-36 of 84 nonrelief 
families of husband and wife (both native-born) with one child under 16 years of age, 
living in general farming areas of Pennsylvania and Ohio, and having an average of 
$630 a year for family living expenses. 

much time and effort on the part of farmers to produce, but being 
perishable, they are costly to transport from faim to market. 

Since farm mmiUes tend to increase the volume of food produced 
for Ihome use more rapidly than they reduce the amounts spent for 
food, there is a much better chance that they will get satisfactory 
diets as programs of food production are enlarged and geared to 
family needs. Scarcely half of the three-person families just described 
could have bought even fair diets,^ nutritionally speakingj if they had 
spent as little as $266 for food and produced none for family use. On 
the other hand, probably as many as 7 out of 10 obtained fair or good 
diets when they produced $150 to $250 worth of food'in addition to 

<See p. 310 for the deflDition of a fair diet. 
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what they bought. It is likely that about 9 out of 10 of those families 
that produced as much as $350 worth of food in addition to what 
they bought obtained fair or good diets. 

The money value of the food consumed usually is greater, and at 
each income level represents a somewhat larger share of the net income 
(money and nonmoney), with farm families than with families living 
in urban or village communities. Farm-family food consumption is 
huge because the heavy outdoor labor of farm workers means high 
food-eneigy requirements. As a rule, too, farm families include more 
members than those of city dwellers. 

Diets tend to show more variation from season to season on the 
farm than in urban centers. Even with extensive canning and storage 
programs some foods are more plentiful in the country at some 
periods than at others. 

With rising income, quantities of each of the various types of food 
in the diet tend to become more generous, but the increases are more 
pronounced for some foods than for others. This is illustrated in 
table 8(p. 31(5), which shows the quantities of food available to families 
of wliite nonrelief farm operators during the summer months, for four 
income classes, in two parts of the country. In the Northeast, 
families with the higher incomes consumed milch laiger quantities of 
cheese, meats, fresh vejjetables, and canned fruits. In the Southeast, 
families with higher incomes consumed larger quantities of eggs, 
cheese, and meat than those with lower incomes. Farm supplies of 
these foods tend to be low during the summer months, and only 
families with higher incomes can purchase them in considerable 
quantity. 

There are also certain regional differences in food supplies. Farm 
families in the Northeast tend to use more eggs, especially at the 
lower income levels, than do those in the Southeast. They also 
consume more cheese, cream, and ice cream, but less fluid milk. 
Perhaps fewer of the southern families produce milk for sale, and so 
more is consumed when it is available. Families in the Northeast 
tend to use less fat but more sugar; less flour and other grain products, 
but more potatoes; fewer fruits and vegetables in the fresh state, 
but more in canned form than do farm families in the Southeast. 

How adeipiate are the diets reported by these families of three oi 
four persons? How do they compare with recommendations foi 
good diets? 

A good diet may well include an egg a person a day. For three- to 
four-member families this would mean an average of about 2 dozen a 
week. Families in the Northeast reported this many eggs or more, 
but those in the Southeast had somewhat fewer. A quart of milk 
for each child and a pint for each adult would amount to an average 
of T7.5 quarts weekly. This amount or more of fluid milk was 
reported by families in the Southeast. Families in the Northeast had 
the equivalent of this amount in the form of milk, cheese, cream, and 
ice cream. 

Fidly adequate diets for families of this size probably should 
include also at least 40 pounds of potatoes, other vegetables, and fruit 
a week. Even in the summer months the diets of families with 
incomes under $1,000 a year (money and nonmoney) scarcely included 
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this quantity. Since more than 60 percent of the families of non¬ 
relief farm operators in the Southeast and more than 40 percent of 
those in the Northeast had incomes (money and nonmoney) below 
$1,000 in 1935-36, according to estimates of the National Resources 
Committee {1160), it would appear that a lai^e proportion of farm- 
family diets are poorly supplied with fruits and vegetables. In con¬ 
sequence, many farm families consume too little vitamin C to support 
optimal nutrition. 

Of the money spent by farm families for food, the smallest share 
goes for milk and cheese and the largest for bread, flour, and cereals. 
But all of the major food groups are represented in cash expenditures. 
The proportion spent for different groups varies with the extent of 
the home-production program, but those that produce less have to 
spend considerably more of their cash for meat and eggs, fruits and 
vegetables. The following tabulation shows about how each food 
dollar is spent by families who have to purchase less than one-fourth 
of their food, and by families who have to purchase more than one- 


fourth: 

LcSvS than More than 

one-fourth one-fourth 

purchased purchased 

Bread, flour, cereals ___ $0. 33 $0. 27 

Sugars_ .... ___ .18 .13 

Fats...______ . .15 .15 

Coffee, tea, seasonings. __..._ .13 .10 

Meat, eggs_ 09 .15 

Fruits, vegetables __ — .. .09 .18 

Milk, cheese.. 03 .02 

Total__ 1.00 1.00 


Few farm families have enough cash to buy adequate diets without 
producing some food at home. To get the most out of home produc¬ 
tion, the farm family would do well to find out by some careful figur¬ 
ing how much of each of the several kinds of foods are required to 
furnish a fully adequate diet. After such estimates are made, the 
family can decide how much and what to buy, how much and what to 
undertake to raise, and what and how much to can and store for out- 
of-season consumption. The answers will depend on many factors, 
but careful consideration should be given not only to casn savings 
but also to maintaining a high dietary level. 

The last few years have seen a definite trend toward better planning 
on the part of the farm family to meet its food needs. The Extension 
Service has given this program special emphasis since 1030. The 
Farm Security Administration places the home-production .proCTam 
at the center of the home-and-farm-management plan which is basic 
to its program of loans and emei^ency grants. The Farm Credit 
Administration likewise encourages its borrowers to produce the 
major part of their food supply. 

DIETS OF CITY AND VILLAGE FAMILIES 

The food purchases of a city or village family depend largely on 
two things—the size of the income and the number in the family. 
At each income level there seems to be a rather striking uniformity 
in the ideas of families the country over as to what percentage of 
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their incomes should go for food. As table 1 shows, families of wage- 
earning groups in villages in different parts of the country allotted 
an average of about 40 percent of their living expenses to food when 
incomes were under $500 and about 30 percent when incomes were 
approximately $2,000.® 

Tabi,e I.— Foorf expenfiiturrs: Average nroportion of expenditures for family ^ living 
alUwated to fottd^ villages^ 1935-36 ^ 


Income class 

New 
Eng¬ 
land 3 

North 
Cen¬ 
tral < 

Pacific 

South- 

1 

! Income class 

New 
Eng¬ 
land 3 

North 
Cen¬ 
tral ♦ 

Pacific 

South- 

(dollars) 

coast 3 

oast* 

1 (dollars) 

coast ® 

oast * 


Percent 

Percent\ 

Percent 

Percent 


Percent 

Percent 

Percent 

Percent 

_ 

39 

42 ! 

39 

41 

1,250-1,499. . 

1,600-1,749. 

35 

36 

34 

33 

.'iOO-749. 

38 

40 

40 

38 

34 

34 

31 

32 

TfiO-OlHL - . . 

1 40 

40 

37 

38 

3.*^ 

38 

1,750-1,999. 

35 

31 

31 

30 

1.000-1.249. 

* 38 

1 

34 

I 2.000-2,499. 

33 

31 

30 

28 


' While nonrelief fninilies of wjipe earners, ineliidinp husband and wife, both native-born, and 0 to 8 other 
persons. 

2 From preliminary unpublished data, Bureau of Home Economics, Consumer Purchases Study. 

3 14 villages in Vermont and Ma.ssachusetts. 

* 4fi villages in Pennsylvania, Ohio, Michigan, Wisconsin. Illinois, and Iowa. 

3 24 villages in Washington, Oregon, and California. 

« 33 villages in North Carolina. South Carolina, Georgia, and Mississippi. 


At any one income level, the proportion spent for food by large 
families is higher than that spent by small. Thus city families of 
two in the $750-$999 income class may use 35 percent of their living 
expenses for food; families of three or four, 38 percent; and families 
of five or six, 44 percent. 

But thougli the larger family spends more for food, it seldom spends 
enough more to maintain the same level per person. For example, 
table 2, covering small North Central cities in 1935-36, shows that 
families of two persons with an income of $500 to $749 could afford 
meals costing about 11 cents a person.® When there were four in 
the family, it took an income of $1,250 to $1,499 to afford approxi¬ 
mately li-cent meals; and with five or six in the family, an income 
of $2,000 to $2,249. 

«Uiou| 2 ;h some economies are possible in the purchasii^ of food for the 
larger-sized family as well as in the management of food preparation, 
these seldom compensate for the reduction commonly observed in 
expenditures per consumption unit. This may be seen from a study 
of table 9 (p. 317), which compares the quantities of food purchased 
by families of two persons (iiusband and wife only) with those of 
families of three or four persons (husband, wife, and one or two chil¬ 
dren under 16 years of age) in each of four income classes. 

A city or village family with one or two young children bought 
only one or two more eggs a week than the childless couple with the 


‘ Unpublished data. Bureau of Home Eoonoraics. Consumer Purchases Study. , , ,, _ ._. 

• On a “food-oxpenrfiture unit” basis. This unit Is equivalent to the cxpenditiye for food for a nwderately 
active man. In TOmparing the food expenditures of families of dfflerent sizes, it is desireble to determine 
the number of food-expenditure units to which the family is equivalent, 1. e., the number moderat^ 
active men that probaWy could be equally well fed for the same sum as the toUy 
for the food of teen-age cblldren may be 10 percent more thw for a 
school children and of moderately active women, 10 percent lew; and 

(irAn fmm nn..hotr h, farn.ttiir,t 9 AS much. The familv’s totai expenditure for iBod is then dmqea oy wis 


possible more aoourate oomparlMns between dlfterent famules. 














304 


YEARBOOK OF AGRICULTURE, 1939 


same income. The family with children bought only about a pint of 
milk more each day, and usually less than a pound more of meat 
weekly. But they bought 2 to 3 more pounds of cereals and flour (or 
its equivalent in bread) each week, and from 2 to 5 pounds more of 
potatoes. In the case of fresh vegetables the larger fainilies had from 
0.1 to 2.5 pounds more per week than the small families, and in the 
case of fresh fruits, from 0.2 to 5.6 pounds mor^‘. 


Table 2. —Food expenditures: Average amounts spent per food-expenditure ^nit per meal 
by families * of different size ana income^ small I^orm Central cities^ 1935-36 * 


Income class 
(dollars) 

Expenditures ^ler meal iier 
fo<Kl-expenditure unit ^ by 
families of— 

Income class 
(dollars) 

Expenditures per meal per 
food-expenditure unit * by 
families of— 

2 iiersons < 

4 persons ^ 

5 or 6 Iier¬ 
sons < 

2 ^lersons * 

4 iier^ns» 

5 or 6 per¬ 
sons * 

260-499__ 

.'iOO-749. -. 

750-999__ 

1,000-1,249_ 

1,250-1,499_ _ 

1,500-1,749. 

CenU 

8.4 

11.3 
13.0 
15.8 
15.7 

17.3 

Cents 

5.9 

7.9 
8.8 

10. 3 
11.4 
11.8 

Cents 

5.0 

7.0 

7.8 
9.1 

9.8 

i 

1,750-1,999, _ 

2,000-2,249_ 

2,250-2,499.. 

2,500-2,999. 

3,000-3,999_ 

4.000-4,990.. 

(Ynts 
17.8 
18.6 
21.0 

20.7 
22.3 

19.8 

Cents 

12.8 

12.7 

13.6 
16.3 
13.5 

12.7 

Cents 

10.5 
10.8 

10.6 
10.9 
12.3 
15.6 


t White nonrelief families including husband and wife, both native-born. 

a From preliminary unpublished data, Bureau of Home Economics, Consumer Purchases Study. 

< See footnote 6, p. 303. 

* Husband, wife, and no others. 

* Husband, wife, and 2 children under 10 years of age. 

* Husband, wife, 1 child under 16 years, 1 person 16 or over, and I or 2 other iiersons. 

Thus the larger families tend to buy proportionally more grain 
products and potatoes but proportionally smaller quantities of eggs, 
milk, and fresh vegetables q,nd fruits. As a result, in each income 
class the diets of the larger families were relatively less well fortified by 
protective foods and hence less satisfactory from the standpoint of 
nutrition than were the diets of the smaller families. 

Diets of city and village families, like those of farm families, are 
more generous at higher than at lower income levels, particularly 
with respect to eggs, milk, meats, fresh vegetables, and fresh anti 
canned fruits. The diflterences in food consumption of different 
family groups are more clearly brought out when families are classi¬ 
fied by their expenditures for food per unit ^ or per person than when 
classified by income. The effect of the competition Mtween food and 
other items for a place in the family budget is eliminated as a variable. 

Table 10 (p. 318), based on a recent study of diets of employed city 
workers { 1104 ), shows that families who spend comparatively little 
for the food of each person buy about as many potatoes, as much of 
cheaper fats, and as much of flour, cereals, and other grain products 
for each family member as do those with high food expenditures. 
But families with more to spend for food buy laiger quantities of 
milk, butter, eggs, meat, fruits, and succulent vegetfubles, and usually 
increasingly expensive forms of these foods. 

Thus, families in North Atlantic cities spending as little as $1.60 a 
person a week for food and those spending as much as $4 a person a 


' See footoote 6, p. 303. 
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week bought approximately the following quantities of certain items 
for each person: 

$1.60 a week $4 a week 
for food for food 

Milk, fresh_pints.. 4 6 

Butter_ pound.. K K 

Eggs_number.. 3 8 

Meat, poultry, fish_pounds.. 2 4 

Fresh vegetables and fruits_ . .. -do- 3 10 

At the higher food-expenditure level the avenige per capita pur¬ 
chases of citrus fruit were five times as large as those at the lower 
level. For other fruits and for leafy, green, and yellow vegetables 
they were about three times as large. Increases were also sharp in 
purchases of pork, lamb, poultry, and cream. Purchases of potatoes, 
sugar, and grain products were only one-third to one-half larger at 
the higher level of food expenditure. 

Figure 3 summarizes for difterent parts of the country what city 
families of employed workers buy when they have increasing amounts 
of money for food. . Almost without exception, the purchases of all 
foods increase, but those of some foods, such as eggs, meat, and fruits, 
p:o up more rapidly than others. In the South, milk consumption 
increases unusually rapidly as the level of food expenditure rises. 

When city families have about the same amounts to spend for the 
food of each person there seem to be few regional differences in the 
purchases of major groups of food. Vegetable and fruit consumption 
tends to be high in Pacific coast cities and low in the Southeast. Prob¬ 
ably characteristic of southern Negro families is the low consumption 
of milk and butter and the liigh consumption of pork, poultry, and 
fish and of grain products. 

The average per capita purchases of food by families of employed 
workers in cities of different regions are given in table 11 (p, 319). But 
many differences in food consumption commonly considered regional 
are merely reflections of differences in economic status. The middle 
half of these families spent the following amounts a person a week 
for food (figures adjusted to a 1935 base): 


White: 

North Atlantic_ ___$2.15--$3.50 

East North Central_ 2.10- 3.35 

East South Central_ 1.60- 2.75 

Pacific- 2.25- 3.60 

Negro: South-- 1.0.5- 2.15 


Computations based on table 11 show that workers’ families ® in 
Pacific cities—half of whom had betweer\ $2.25 and $3.60 a person 
a week for food—used about six egp a person a week, while the low- 
income southern Negro families, with $1.05 to $2.15 a person a week 
for food, had an average of only about two eggs a person a week. 

In the purchase of milk also, Pacific families were highest, but even 
these averaged only about a pint a person a day. V^ite families in 
the Southeast had an average of only three-fourths of a pint a day, 
Negro families scarcely a quart a week. These variations also reflect 


J This study (H 04 ) included only nonrelief I'amilies with yearly Incomes of $500 and over, in which the 
chief earner had had at a certain minimum of employment. In Pacific coast cities and among Negro 
families In southern cities those willing to keep food records are believed to be al^ve average in economic 
status for this population group and the southern white families, below average. 
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differences in level of food expenditure to some extent. Half of the 
families studied in Pacific coast cities were spending $2.85 or more a 
person a week for food. In the Southeast, half of the white families 
studied were spending less than $2.10 a person a week, and half of the 
Negro families less than $1.55. Southern white families bought as 
much milk as white families in other regions when they had compara¬ 
ble amounts to spend for food, though Negro families did not. I^ow 
milk consumption seems to be traditional among southern Negro 
families. 

These figures on milk consumption include not only milk purchased 
in fluid form, but also that purchased as evaporated or dried milk 
or as cheese. About one-fourth of the total fluid milk used by south¬ 
ern white families and more than one-half of that used by Negroes 
was in'the form of skim milk and buttermilk. 

Marked differences were, shown in the consumption of butter and 
other fats. North Atlantic families purchased the least amount of 
fats and fatty foods, but they, with Pacific families, were the largest 
consumers of butter. Negro families used the most fat, largely in 
the form of lard, bacon, and salt pork—two to four times as much as 
families in other regions. By region the average quantities con¬ 
sumed by city workers’ families per person per year were as follows: 


Butter: Poundu 

Pacific_ 22 

North Atlantic_ 21 

Southeast, white .. S 

Southern Negro . 7 


Other fats, oils, and fatty foods: I’oundx 


North Atlantic_ 11 

Pacific__ 17 

.Southeast, white_ _ _ 41 

.Southern Negro_ .j8 


Less striking were differences in the consumption of meat, poultry, 
and fish. North Atlantic families purchased an average of 1.39 
pounds a person a year, and southern white families only two-thirds 
as much—83 pounds a person a year. Consumption of beef and lamb 
was higher in the North aiul West than in the South. Southern 
Negro families used nearly twice as much fish as any other group. 

The figures for sugar represent only the quantities purcha.sed as 
such and do not include the amounts consumed in commercially pre¬ 
pared foods—baked gooils, canned fruit, and bottled or other drinks. 
These figures, therefore, do not compare the actual quantities of sugar 
consumed in different parts of the country. 

In the consumption of cereals, meals, and flour (or its equivalent 
in baked goods) Negro families in southern cities were highest with 
an average of 196 poiuids a person a year, and Pacific coast families 
lowest with 160 pounds. In the North and West a large proportion 
was purchased in the fonn of bread, rolls, and other ready-to-eat goods 
made largely from wheat flour. In the Southeast, flour and meal for 
hot biscuits, com pone, and other quick breads apparently were pre¬ 
ferred to commercially baked bread and other products. White 
families in this part of the country bought two to three times as much 
flour and corn meal as those in other regions. Negro families were 
by far the largest purchasers of hominy and rice. 

Potatoes and sweetpotatoes together were used in largest quantities 
by families of the North Atlantic cities, 157 pounds a person a year, 
and in smallest quantities by Negro families in southern cities, 91 
pounds a year. In tihe North and West potatoes were used chiefly, 
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blit in the southern dietary sweetpotatoes wore more prominent. 
This varying proportion affects the vitamin^ content of the diet. 
Potatoes contribute outstandingly to the vitamin C and sweetpotatoes 
to the vitamin A value. ^ ^ 

Tomatoes and citrus fruit, important for vitamin C, were _ used 
most freely in the Pacific coast cities, and least by Negro families in 
the Southeast. Families in Pacific cities consumed two to three 
times as much citrus fruit as white families in other regions. 

The purchases of succulent vegetables (vegetables other than 
potatoes and mature beans and peas) were almost tydce as great 
among Pacific families as among southern Negro families. Ijeafv, 
green, and yellow vegetables are important among these foods because 
of their high mineral and vitamin content. Families in Pacific cities 
consumed by far the laigest quantities of the ^reen, leafy, and yellow 
vegetables of any group studied and those in East North Central 
cities the least. The average consumption by the two groups was 
122 and 60 pounds a person a year, respectively. The average for 
Negro families in the ^uth was about 91 pounds a person a year. 

In consumption of fresh and canned fruit, as in the case of fresh 
and canned succulent vegetables, the Pacific coast families ranked 
first, and southern Negro families at the foot of the list. Of the 
fruits, apples, oranges, and bananas were most largely used. The 
Pacific city families bought more peaches and grapes than did families 
in other regions. Southern families, particularly Negroes, depended 
largely upon their local supplies of fruit, especially on watermelons. 
In fact, the Negro families studied in the J^nth had meager quantities, 
5 pounds or less a person a year, of any one fresh fruit except water¬ 
melons. 

NUTRITIVE VALUE AND ADEQUACY DF DIETS 

An estimate of the nutritive value of diets can be made by applying 
average %ures on food composition to the quantities of* food con¬ 
sumed. The reader should keep in mind, however, that the figures 
on the nutritive value of many foods are tentative and subject to 
revision, especially in the case of minerals and vitamins. Recent 
w;ork (1939) suggests that the estimates given in this article for 
vitamin A value of diets may be too low. The figures were based 
on data available prior to 1937. 

Figure 4 gives a graphic picture of the nutritive value of diets at 
different levels of expenditure in different regions. It shows nutri¬ 
tive values of food purchased by families of employed city workers 
{ 1104 ) representing five color-regional groups and several different 
levels of expenditure. These average figures on nutritive content 
tend to be high, however, inasmuch as they refer pi food brought into 
the kitchen and take no account of the edible food waste^ which 
probably increases with prosperity, or of the losses of nutrients in 
food preparation. Only average quantities of inedible refuse were 
deducted. 


Fi^ire 4 .—In general, the higher the ■ level of food expenditure, the better the diet. 
This chart shows the nutritive value per nutrition-requirement unit—equivalent to 
the allowance for a moderately active man weighing 154 pounds per day—of diets 
of families of employed city workers spending dinerent amounts for food, 1934-377 
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When food expenditures were as low as $1.25 to $1.87 a person a 
week, diets were rather restricted. With more money to spend for 
food, the nutritive content of diets increased. 

Families in North Atlantic cities may be taken as an example. 
The following comparison shows the nutritive values per nutrition- 
requirement unit for diets costing $1.25 to $1.87 a person a week and 
for those costing $2.50 to $3.12; , 


$1.25-$1.87 $2.50-$3.12 

a week a week 

Energy value_calories-- 2,530 3,320 

Protein....-.-. grams64 88 

Calcium__do- 0. 44 0. 65 

Phosphorus-------do.. - 1.07 1.46 

Iron_ milligrams,. 11.30 15.40 

Vitamin A value_International Units., 2,100 3,400 

Vitamin Bi___do- 340 500 

Ascorbic acid (vitamin C)-milligrams.. 41 70 

Riboflavin (vitamin G)___ .Sherman units.. 470 700 

Pellagra-preventive value.. percent of minimum.. 120 190 


Individual families, however, varied widely from the prevailing pat¬ 
terns of nutritive values in relation to expenditure. For exaniple, 
some families selected diets furnishing only 45 grams of protein per 
nutrition-requirement unit a day at an outlav of $1.88 a person a week 
for food; on the other hand, for this sum half of the families obtained 
diets furnishing 70 grams or more per nutrition-requirement unit a 
day. Or, to take a more striking illustration, some families spent as 
much as $4.50 for food a person a week without obtaining 0.45 gram 
of calcium a day per requirement unit. On the other hand, half of the 
families spending $3 a person a week succeeded in getting 0.70 gram 
or more of calcium per requirement unit daily. 

Diets may be classified as good, fair, or poor according to their 
nutritive content. In recent studies made by the Bureau of Home 
Economics, they have been des^ated good or fair if the food mate¬ 
rials (uncooked) furnished per nutrition-requirement unit at least the 
quantities of nutrients shown in table 3. Diets were classed as poor, 
in need of improvement, if per nutrition-requirement unit the raw 
foods provided less of any one nutrient than the quantity shown for a 
fair diet. 

Table 3 .—Specifications for diets rated good and fair; daily allowances of certain 
important nutrients per day for a 154-pound moderately active man 


Nutrient j 

Good diets 

Fair diets 

Nutrient 

Good diets 

Fair diets 

Protein. 

.grams.. 

67 

45 

Vitamin A 



Calcium. 

.do_ 

0.68 

0.45 

International Units.. 

6,000 

3,000 

Phosphorus. 

.do_ 

1.32 

.88 

Vitamin Bi.do_ 

500 

250 

Iron. 

.milligrams.. 

15 

10 

Ascorbic acid.milligrani.s.. 

75 

37 





Riboflavin 







Sherman units.. 

600 

300 


Table 12 (p. 320), gives the specifications for a good diet in greater 
detail—that is, for persons of both sexes and various ages. 

Poor diets are seldom deficient in only one nutrient. But in this 
study of the diets of families of city wage earners, relative shortages 
of some nutrients were encountered more frequently than others. 


















PRESENT-DAY DIETS 


311 


Less than 2 percent of the employed white workers studied are 
believed to have diets furnishing less than 45 grams of protein per 
requirement unit daily—the average minimum below which the diet 
is classed as poor. About 5 percent had diets furnishing less than 
10 milligrams of iron per unit per day; about 16 percent, less than 
0.45 gram of calcium ; and about 40 percent, fewer than 3,000 Inter¬ 
national Units of vitamin A.* 

In the studies just cited, diets of families of employed workers in 
cities were practically always found to be in definite need of improve¬ 
ment with respect to one or more nutrients when families spent for 
food less than $1.25 (1936 price levels) a food-e.xpenditure unit a 
week. Farm diets were poor when families had food valued at 
less than $0.80 a unit a week. (The monetary value of farm diets 
is ‘lower because home-protluced foo<l was valued at prices that were 
less than those found in city retiiil stores.) Five percent of the non¬ 
relief city, village, and farm families were found to have food valued 
at less than these amounts. This does not mean, however, that only 
5 percent had poor diets. Even some of the relatively well-to-do 
families spent far too little for food to buy ailcquate diets. 

For village and city families the chances for bettei- diets increased 
with rising per capita expenditures for food.' This was due chiefly 
to the purchase of more liberal quantities of milk, meat, eggs, leafy 
green vegetables, and fruits. About 10 percent of the diets classed 
as good w'cre actually purchased by city and village families for less 
than $2.50 a person a week. Tins amount may perhaps be taken 
as a reasonable yardstick of the minimum cost of a good diet. Al¬ 
though 65 percent of city and village families were spending $2.50 or 
more, far too few bought diets that coukl be rated as good from the 
standpoint of nutrition. A fairly large proportion bought diets 
rated fair. The others, a too large number, bought diets that had 
to be classed as poor. It is clear, therefore, that expenditures for 
food are not the only factor influencing nutritive adequacy of diets. 
Knowle<lge of food values is also essential. 

A larger proportion of farm families than city families were found 
to have fair or good diets, thanks to the farm-fumished protective 
foods. In every region families living on farms tend to rank first in 
the proportion having good diets. Those in metropolises, large cities, 
and middle-sized cities rank second. Village families fare worst of all. 
This parallels the finding of Dorn ( 279 ) that the number of cases of 
illness per 1,000 person-years of exposure was greatest in village com¬ 
munities and smallest in the open country. 

The chief difference between good diets and average diets is in the 
quantities of protective foods. For the country as a whole, it is esti- 


® An Idea of the general level of nutritive content of diets can be obtained by leavintr out the poorest one- 
fourth and the best one-fourth. The middle 50 percent of the diets of white families included in this study 
provided the follow^ing quantities of nutrients per requirement-unit iier day: 


Protein. 

Calcium. 

Iron.. 

Vitamin A value. 

Vitamin Bi. 

Ascorbic acid (vitamin C) 
Riboflavin (vitamin O).. 


.grams.. 70-96 

...do.... 0.50-0.83 

.milligrams— 14-17 

International Units.. 2.000-4,600 

.do— 400-800 

.milligrams.. 50-100 

.Sherman units.. 550-900 


These diets appear to have been least well fortified in vitamin A value and in calcium, and best fortified in 
protein. _ 

I® Unpublished data, Bureau of Home Economics. 
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mated that freely chosen diets rated as good probably include 20 
percent more milk than do customary diets. They also include 15 
percent more butter, 35 percent more 6ggs, 70 percent more tomatoes 
and citrus fruit, and about 100 percent more leafy green and yellow 
vegetables. . , , ., , • , . 

The quantities of certain protective foods found m the city, village, 
and farm diets rated as good are given in table 4, together with 
quantities included in plans for good diets devised by the Bureau of 
Home Economics. Each family diet from which these average quan¬ 
tities were derived met the specifications for a good diet described 
earlier. The low quantities of milk, toma toes, and citrus fruits appear¬ 
ing in the diets of southern Negro families are balanced to give good 
diets by the large quantities of leafy, green, and yellow vegetables 
consumed. 


Table 4. —Content of good diets: Average fjfuantities of snecified fttods perperson per year 
found in diets classed as go^, compared trith plans for good diets 


Item 


Family diets graded good: 

Nonrelief families: * 

Farms.. 

Villages.. 

Small cities.. 

Middle-sized cities. 

Large cities__ 

Families of employed city workers:' 
White families: 

North Atlantic.. 

Pacific 

East South Central_ 

Negro families. South. 

Plans for good diets •___ 


Egg.s 

Milk or 
its equiv¬ 
alent ‘ 

Butter 

Toma¬ 

toes. 

citrus 

fruits 

Leafy, 
green, ami 
yellow » 
vegetablas 

Other 
vegetables 
and fruits ^ 

Dozen 

Quarts 

Pounds 

Pounds 

Pounds 

Pounds 

28 

330 

23 

90 

180 

28.5 

25 

130 

18 

65 

200 

295 

3ft 

240 

23 

175 

1.50 

315 

27 

200 

26 

no 

1.50 

30ft 

32 

200 

20 

, 140 

1.50 

310 

23 

187 

18 

lift 

128 

174 

24 

228 

18 

296 

217 

473 

32 

273 

15 

131 

166 

177 

18 

114 

14 

31 

263 

208 

17-30 

230-260 

20-40 

65-120 

160-180 

1.30-3.50 


I The following are approximately equivalent to the food value of 1 quart of fiuid whole milk: (1) 17 ounces 
of evaporated milk; (2) 1 quart of fluid skim milk and 1H ounces of butter; (3) ft ounces of American Cheddar 
cheese; (4) iH ounces of dried whole milk; (5) 3^ ounces of dried skim milk and M ounces of butter. 

> Does not include sweetpotatoes. 

* Does not include potatoes, sweetpotatoes, mature dry legumes. Irirliides fresh fruit equivalent of 
dried fruits. 

* Preliminary unpublished data. Bureau of Home Economics, Consumer Purcha.ses Study. 

» Families of employed wage earners spending less than $3.13 a person a week for food 

«Based on quantities suggested by Bureau of Home Economias for good diets at 3 food-exi)enditure 
levels, described in detail in the article. Planning for Good Nutrition, p. 321. 


FIFTY-YEAR TRENDS IN FOOD CONSUMPTION 

Differences in food habits by regions, especially among urban 
groups, probably are less apparent now than formerly. Modem citv 
markets offer throughout the year a great variety of foods from which 
the housewife may choose. Fresh fruits, vegetables, and other perish¬ 
able foods are rapidlv transported in good condition, perhaps thou¬ 
sands of miles from the site of production, or are kept under special 
storage conditions for weeks beyond the production period. Much 
'^^dety has been made possible also by commercial canning. In 
addition, there is a growing assortment of foods preserved by quick 
freezmg, which retain many of the characteristics of fresh products. 
The enfect of these-improved facilities and methods for storing, shipping, 
marketing, and preserving food products has been to eliminate the 
influence of time and place upon the availability of many foods and 
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to cxtond tho so&son for othors. As & result, the modem city f&mily 
can choose from a variety _and abundance unheard of 50 years ago. 

Trends in the consumption of important groups of food may be 
seen from the summary given in table 5 of dietary studies made decade 
by decade among village and city families. 


T 4 BI.E 5. C,ity and viUa^ famiW food: Trends in averaf^e per capita consumption per 
year of specified foods hy level of food expenditure, 1885-1937 > 


i 

Grain 

Meats, 

Milk 3 


Leafy, 

Tomatoes, 

I,pvel of food expenditure 2 and period | 

prod- 

fish, 

or its 

Kfcgs 

sreen^, and 

citrus 


lids 

poultry 

equivalent 


yellow 
vegetables • 

fruits 

$1.25~$1.87 a person a week: 

Pounds 

Pounds 

Quarts 

Dozen 

Pounds 

Pounds 

1885-1904.. 

294 

123 

41 

12 

24 

10 

1905-14___ 

240 

124 

90 

12 

31 

15 

1915-24. 

174 

84 

101 

15 

35 

38 

1925-34-.... 

152 

85 

112 

12 

43 

37 

1935-37-.... 

1.55 

85 

118 

16 ! 

53 

45 

$1 .S8-$2.49 a jierson a week: 



18a'i-1904... 

222 

1 169 

90 

24 

29 

2*2 

1905-14. 

*239 

I 157 

90 

14 

39 

4t: 

1915-24. 

178 

{ 87 

186 

18 

62 

57 

1925-34... 

172 

1 104 

135 

15 

70 

3i- 

1935-37... 

160 

106 

160 

! 23 

76 


$2..50-$3.12 a jierson a week: 







1885-1914.. 

218 

204 

84 

20 

48 

5i- 

1915-24. 

‘204 

115 

180 

26 

67 

73 

1925-34..... 

163 

129 

144 

24 

83 

6^ 

1935-37. 

174 

139 

101 

27 

95 



1 Based on averaiies from many scattered family dietary studies, puMisbed and unpublished, compiled by 
the Bureau of Home Economics. 

•' Adjusted to 1935 levels by use of I’. S Bureau of l.abor Statistics index of retail food costs. 

.<ee table 6, footnote 1. 

* Does not include sweet potatoes. 

Over the 50-year period a sharp decline took place in the consimip- 
tion of grain products and meats among families at a comparatively 
low level of food expenditure ($1.25 to $1.87 a pereon a week, at 1935 
retail food-price levels). This decline was also evident for families 
with average and higher-than-average expenditures, but to a lesser 
degree. Per capita purchases of grain products before 1915-24 were 
higher among families with little money for food than among their 
more affluent neighbors. Today, this is apparently reversed. Among 
families spending less-than-average amounts for food, meat consump¬ 
tion fell to a low level in 1915-24. and since that period has increased 
very little. On the other hand, among families spending more-than- 
average amounts, meat consumption declined relatively less in the 
decade 1915-24, and since then has increased somewhat. 

In general there has been a marked upward trend at each food- 
e.\penditure level in the consumption of milk, the green leafy vege; 
tables, and tomatoes and citrus fruits. These are the so-callec 
protective foods that abound in the nutrients often deficient in lowi 
cost diots 

The trends recorded by these dietary studies are corroborated ir 
general by estimates of the per capita disappearance of food in retai 
markets. One such estimate,^* covering approximately the last two 
decades, is given in table 6. It shows how the emphasis in consump¬ 
tion has shifted from one food group to another, even though the totaJ 


” Unpublished data, Agricultural Adjustment Administration. 
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weight of food consumed a person a year has remained fairly constant. 
These figures indicate a downward trend for meats, grain products, 
and potatoes, and an upward trend for the protective foods—milk 
and cream, succulent vegetables, and fruits. 


Table 6. —Food sold in retail market: Estimated yearly per capita disappearance of 
specified foods or groups of foods, by periods, 1920—37 * 


Item 


Cereal products *.. 

Potatoes, sweetpotatoes 

Suf^ar and sirup. 

Dairy products: 

Milk and cream — 

Butter. 

Other manufactured -. 
Fruits: 

Fresh •. 

Dried. 

Vegetables ». 

Lean meats and fish_ 

Eggs.. 

Beans, peas, nuts-. 

Fats other than butter 


1920 24 

192r>-29 

Founds 

Pounds 

229 

226 

178 

164 

lOfi 

118 

31.5 

334 

17 

17 

23 

28 

179 

192 

6 

6 

13.*) 

148 

138 

133 

28 

32 

11 

14 

44 

47 


I 


19;4() 33 

1934-37 

Pounds 

Pounds 

211 

196 

156 

157 

107 

110 

337 

328 

18 

17 

28 

32 

184 

189 

5 

6 

154 

169 

129 

126 

32 

30 

16 

16 

47 

4.5 


1 Data from Program Planning Division, Agricultural Adjustment Administration, Dec. Ifi, l«:i8. 

* Wheat, rye, buckwheat flour, corn meal and corn flour, rice, and cereal breakfast foods; grain for liquors, 
malt, and cornstarch excluded. 

* Whole milk and cream in terms of whole milk. 

* Fresh and canned fruit in terms of fresh fruit, on basis of total population; consumption of watermelons 
and cantaloups per urban inhabitant. 

* Fresh and canned vegetables in terms of fresh, per urban inhabitant. 

« Lard and lard compounds, vegetable oils, margarine, bacon, and salt pork. 


Figure 5, based on year-by-year estimates (1159) covering a longer 
period than table 6, 1910-31, shows similar trends for certain foods. 
There has been a phenomenal rise in the consumption of citrus fruits, 
a marked upward trend in the consumption of succulent vegetables, 
and a moderate but steady increase in milk consumption. Among 
foods high in energy value, sugar has risen rapidly, while grain prod¬ 
ucts and potatoes show a marked decline. 


ROOM FOR IMPROVEMENT IN DIETS 

If the total quantities of food produced in this country were dis¬ 
tributed in proportion to need, a fairly satisfactory diet would be 
provided for every individual. As it is, the national dietary level 
appears l^h because of the high consumption of certain foods by 
some families. Urban families with limited funds for food and rural 
families with restricted opportunities for home production tend to lay 
emphasis on the kinds of food that satisfy obvious hunger cheaply 
and to neglect those that satisfy also the “hidden nutritional huii- 
gers”—for vitamins and minerals—described by science. 

Many diets in this country are in need of improvement. For some 
families this reflects a lack of appreciation of the relation of ^et to 
buoyant health, physical efficiency, and long life. For others it indi- 
ca^ that the family’s knowledge of food values in relation to food 
pnces 18 inadequate^ for practical application to the planning of every- 
still others it implies insufficient purchasing power. 

Modification of present-day diets so as to improve their nutritive 
quahties without adding much to their cost is chiefly a matter of put- 
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ting considerably more emphasis upon milk in its less expensive forms 
and upon the cheaper leafy and green-colored vegetables. Many 



1910 1915 1920 1925 1930 1935 


YEAR 

Figure 5.—How llie Nation's food habits ha\e changed. This chart shows trends in 
per capita consumption of specified groups of food, based on 5-ycar moving averages, 

varieties and forms of these foods yield excellent returns in nutrition 
for their cost. 
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APPENDIX 


Table 7. — Farm-furnished food for home use: The average supply for a household ^ for a 
year in areas representing different types of farmings 1935-36 * 





Average quantities or money value of food pro¬ 
duced for home consumi)tion 

Selected counties in - 

Tyi)e of farming repre¬ 
sented 

Families included 

Milk 

tf 

tL 

bt 

U 

Poultry 


Other meat 

Potatoes 

Other food from 
garden 

Fruits 

1 

.c 

c 



No. 

Oal. 

Doz. 

No. 

Lb. 

Lb. 

liu. 

Dol. 

I)ol. 

BoL 

V^ermont ... 

Dairy. _ 

51H 

32<> 

124 

17 

139 

112 

42 

43 

4 

7 

Ohio .- - 

General._ _ - 

814 

212 

146 

36 

44(1 

155 

23 

38 

15 

5 

Illinois _ 

Corn or cash grain.- 

m 

248 

160 

68 

637 

148 

12 

22 

4 

(*) 

Kansas... 

Wheat or cash grain_ 

557 

264 

176 

97 

328 

159 

2 

10 

0) 

(*) 

(^olorado, Montana, 

Range livestock and ' 

794 

281 

178 

55 

290 

296 

19 

43 

7 

3 

South Dakota. 
Oregon_ 

1 cash grain. ■ 

General and fruit__i 

1,611 

251 

i:i8 

35 

195 

119 

14 

45 

23 

1 

Southern California.. 

Fruit and nut.-1 

1,080 

93 

74 

20 

8 

11 

1 

6 

11 

(*) 

South Carolina: 

White _ 

Cotton and tobacco.... i 

2.048 

287 

1 

113 , 

64 

659 

12 

7 

51 

8 

2:1 

Negro. _.. 

-do--- 

478 

158 

59 1 

36 

363 


4 

32 

4 

:io 


• Xonrelief families of farm oi^erators, ineludinp husband and wife, both native-born. 0 to S other family 
members, and household and farm help. 

* From unpublished data, Bureau of Home Economies, (Consumer Purchases Study. 

> Includes sirup, molasses, honey, grain products, and cowi>eas and other foods grown in fields. 

< $0.50 or less. 


Table 8. — Farm-family ^ food: The average supply for a household for a ueek^ by region 

and income class, summer 1936 ^ 


Region and income ? 
class (dollars) 


Northeast: 

500-999.... 

1,000-1,499 

1.500- 1,999 
2,000-2,999 

Southeast: 

500-999... 

1.000-1,499 

1.500- 1,999. 
2,000-2,999. 


i 


Evapo- 






1 

j Eggs 

Fluid 

milk 

rated 

con¬ 

densed 

(Bieese 

Cream, 

ice 

cream 

Fats 

Meats,* 

poultry, 

fish 

Flours,' 

cereals 



milk 






Doz. 

Qt. 

Lb. 

Lb. 

/.6. 

Lb. 

Lb. 

Lb. 

2.2 

15.6 

0.1 

0.5 

2.3 

3.3 

8.0 

11.4 

2.6 

16.6 

0 

.6 

2.5 

3.9 

10.9 

12.9 

2.8 ! 

1 16.5 

.1 

1.0 

2.8 

3.6 

11.7 

14.0 

2.7! 

17.3 

.1 

1.0 

2.5 

4.0 

14. 1 

14.8 

1.4 1 

20.8 

(») 

.1 

.6 

5.2 

9.4 

24.4 

1.7 

19.7 

.1 

.4 

.6 

5.5 

12. 3 

27.0 

2.1 1 

23.9 

.1 

.4 

.9 

6.0 

14.6 

24.0 

2.9 ; 

23.6 

.1 

.8 

.5 

5.8 

14. 3 

25. 7 


Region and income > class 
(dollars) 

1 

1 Sugar 

Other 

sweets 

Pota¬ 

toes, 

Sweet- 

pota¬ 

toes 

Other vegetables 


Fruits 


1 

Fresh 

Canned 

Dried 

Fresh 

Canned 

1 l)rle<i 

Northeast: 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

500-999....... 

5.6 

1.8 

17.1 

6.7 

3.3 

0.3 

7.5 

1.5 

0.5 

1,000-1,499. 

6.6 

2.2 

20.6 

7.9 

3.0 

.6 

9.1 

1.8 

.4 

1,500-1,999. 

6.8 

2.6 

22.5 

10.0 

3.1 

.3 

11.8 

2.3 

.6 

2,000-2,999. 

Southeast: 

7.6 

3.0 

23.8 

14.0 

3.1 

.9 

11.0 

2.9 

.4 

500-999. 

4.8 

1.9 

4.7 

16.1 

.3 

.2 

15.0 

.3 

. 1 

l,00(b 1,499. 

5.1 

3.0 

6.0 

16.2 

.9 

.2 

17.2 

.6 

.2 

1,600-1,999. 

5.5 

2.1 

4.7 

19.1 

.9 

.6 

8.9 

1.4 

.3 

2,000-2,999. 

6.8 

1.7 

8.8 

20.7 

1.0 

.2 

11.2 

.3 

.1 


1 White nonrelief families of farm operators, including husband and wife, both native-born, and 1 or 2 
children under 16 years of age. 

* From pre l i m inary unpublisherl data. Bureau of Home Economics, Consumer Purchases Study. 

* Money and nonmoney. 


* Includes bacon and salt pork. 

* Two-thirds of the weight of bread and other baked goods has been added to the weight of the flour, 
meals, and other cereals. 

* 0.06 pound or less. 
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Table 9.—CUy- and village-family food: Average supply for a week for two types of 
families,^ by income, small East North Central cities, spring-summer-fall, 193f> 2 


Degree of urbanization, type of family. 

Eggs 

-Milk 
or its 

Fats 

.Meats,< 
pr>ul- 

Flour,* 

Sugar 

Othi>r 

and income (dollars) 

equiv- 

try. 

meals. 

'^W’f*ei v; 

Small cities: 

— 

alent * 


fish 

ci*real 

I 

- 


Families of husband and wife with in- 





1 



comes of— 

Dozen 

Quartff 

1 

1 

Founds 

1 

1 

Pounds 

Founds 

r)00-999....... _ 

1.2 

5.7 

2.5 

5. 2 

6.2 

3.0 

0 ♦. 

1,000-1,499_ 

1.5 

8.5 

2.5 

7.4 

7.2 

3. 8 

- 

1,500-1,999_ __ 

1.4 

7.2 

2.0 

6.2 

.5.8 

3. 6 

yi 

2,000-2,999... 

1.8 

9.5 

2.7 

9.2 

6. 1 

4. 0 

. 9 

Families of husband, wife, and 1 or 2 
children under 16 years, with incomes 
of— 







.m-999 . 

1.4 

9.3 

2.6 

5.9 

8.0 

4.0 , 

, 8 

1,00(>-1,499.. 

1.6 

11.7 

2.6 

7.3 

8.1 1 

4.3 

1.0 

1,500-1,999.- 

1.6 

11.7 

3.1 

7.9 

8.6 

4. 5 1 

' 1 f 

2,000-2,999..... 

1.7 

11.6 

3.2 

10.1 

7.8 

4.3 

1.0 

Villages: 

Families of husband and wife with in¬ 
incomes of - 








.500-999. 

1.3 

7. .5 

2.2 

.5.6 

6.8 

3. 1 

H 

1,000-1,499-. 

1.6 

8.6 

2.4 

7.4 

6.7 

2.9 

1.2 

1,50(V-1,999.-.. 

1.6 

9.7 

2. 6 

7.6 

7. 1 

3.2 

1. 4 

2,000-2,999...-__ 

1.6 

9.8 

2.7 

8.7 

7.8 

3. 9 

1.0 

Families of husband, wife, and 1 or 2 
children under 16 years, with incomes 
.)f— 







.500-999. 

1.5 

10. 2 , 

2.9 

6.4 

10.0 

3.8 

1 

1,000-1,499. 

1.7 

12.3 

3. 0 

8.0 

10.0 

4. 0 

1.4 

1,500-1,999 .. .. 

1.7 

1.3. 4 

3. 0 

9. 6 

, 9.9 

3. S 

1 4 

2,000-2,999 .- 

1.9 

15 H 

:i 1 

9. M 

It 0 

1 4.2 

1. 7 


Pota- 

Otii 

er vegi lahlis 


Fruit'' 


Degree of urbanization, type of family, 
and income (dollars) 

• toes, 
^weet- 
\ pota- 
j toes 


- - 


. .. 

1 - 

-- 

F rc'<h 

( aimed 

l)rie»J 

1 Fresii 

1 

( aimed 

Dried 

Small cities: 

i 

1 







Families of husband and wife with in¬ 

1 







comes of— 

Foil nds 

Foiindu 

Fov ltd ft 

Founds 

Pounds 

Founds , 

, Foil fids 

.500-999__ ... _ 

7 2 

2. 7 

2.4 

0. 9 

.5. 1 

0. 7 

0. 4 

1,00(V-1,499... .. 

9.0 

.5.0 

2.2 

. .5 

8. 7 

. s 

.3 

1,500-1,999___ 

7.3 

4. 1 

2.6 

.4 

10.2 

1. 1 

.3 

2,000-2,999.. .-... 

7.5 

5.9 

1.6 

.4 

10.8 

.8 

.3 

Families of husband, wife, and 1 or 2 
children under 16 years, with incomes 
of 








.500-991*.- - 

10.5 

4.2 

2.9 

.7 

8.5 

.6 

. 4 

1,000-1,499.. 

10.9 

5.1 

3. 1 

.5 

40.3 

.9 

. 1 

1,500-1,999. 

10. S 

6.6 

3. 5 

.3 

13.8 

1,2 

. .5 

2,000-2,999... 

9.8 

7.6 

2.7 

.3 

16.4 

1.7 

.9 

Villages: 

Families of husband and wife with in¬ 
comes of-— 








500-999... 

9.4 

3.3 

i 2.6 

.4 

.5.4 

1.1 

.3 

1,000-1,499.-. 

7.7 

5.5 

2.3 

.3 

8.0 

1.2 

.3 

1,500-1,999. 

9.1 

7.3 

2.8 

.2 

10. 5 

1.9 

. .5 

2,000-2,999.-. 

8.8 

5. 6 

2.7 

.2 

8.7 

1.4 

,4 

Families of husband, wife, and 1 or 2 
children under 16 years, with incomes 
of— 






1.3 


500-999. 

12.6 

4.5 

3. 0 

.5 

6.4 

.4 

1,000-1,499. 

12.5 

5.8 

3.0 

.4 

8.2 

1.6 

.4 

1,500-1,999.. 

11.0 

7. 6 

3. 6 

.3 

11.0 

1.9 

.4 

2,000-2,999. 

11.0 

7. 9 

3. 1 

.2 

12. 6 

2 3 

. 5 


1 White nonrelief families. _ , ,, > 

* From preliminary unpublished data, Bureau of Home Economics, (.onsumer Purchases otudy. 

3 The following are approximately equivalent to the food value of 1 quart of fluid whole milk: (i) 17 ounws 
of evaporated mfik; (2) 1 quart of fluid skim milk and Ih ounces of butter; (3) 5 ounces of Am^ican C heddar 
clieose; (4) 4H ounces of dried whole milk; (6) 3h ounces of dried skim milk and Wi ounces of butter. 

^ Hee table 8, footnote 4. 

® Sc(‘ table 8, footnote 6. 
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Table 10. — City-family ^ food: Average per capita consumption in a year, by level of food 
expenditures. North Atlantic cities, 1931-37^ 


Foo(i items 


Ekks ___dozen.. 

Milk, whole, skim, buttermilk_quarts.-| 

Milk, evaporated, condensed .. — pounds.. 

Cheese.-.do— I 

Cream, ice cream__do-1 

Total milk, fluids-not-fatequivalent i..quarts,. 

Butter__--.pounds . 

Other table fats_ ..do_ 

Cooking or salad oils, dressings..do- 

Lard, other cooking fats_do— 

Bacon, salt pork, suet. do- 

Total fats. do_ 

Beef, veal_ ,<lo ... 

Mutton, lamb.. .do- 

Pork (e.xclusive of bacon and salt pork).. .do .. 

Miscellaneous meat products_do_ 

Poultry.-___do ... 

Fish, other sea foods. . . .do_ 

Total meat, poultry, fish.do — 

Sugar...-.-.do- 

Sirups, jellies, etc.do- 

Bread, rolls.do- 

Other baked goods.do_ 

Ready-to-eat cereals. do- 

Other breakfast c<*reals.._.. ..do_ 

Flours, meals.d<) . . 

Total flour equivalent ^.do_ 

Potatoes, sweetpotatoes...do_ 

Dried legumes, cooked or canned..do_ 

Dried legumes and nuts. <io_ 

Dried fruits_ do_ 

Tomatoes. do_ 

Citrus fruits.. ..do_ 

liCafy, green, and yellow vegetables «.do_ 

Other vegetables *_ do_ 

Other fruits L.. do_ 


(\)nsumption 3 by families spending for food per 
capita p<>r week averages * of about— 


.60 

$2.20 

$2.80 

$3.40 

$4.(K» 

13 

19 

2.3 

28 

36 

94 

111 

132 

136 

162 

15 

11 

16 

' 15 

10 

5 

7 

8 

9 

11 

2 

3 

5 

10 

14 

123 

146 

176 

181 

212 

14 

19 

2:4 

25 

31 

4 

1 

1 

1 

(«) 

4 

5 

7 

9 

8 

6 

7 

9 

7 

8 

3 

4 

5 

6 

7 

30 

36 

15 

48 

54 

41 

48 

64 

61 

75 

6 

6 

12 

19 

26 

15 

21 

:40 

33 

48 

8 

10 

12 

11 

14 

4 

11 

16 

2<i 

28 

13 

18 

23 

28 

30 

87 

114 

157 

178 

221 

46 

52 

59 

63 

7U 

5 

8 

8 

9 


116 

121 

128 

139 

145 

16 

26 

35 

47 

45 

4 

6 

6 

6 

9 

26 

21 

22 

Zi 

24 

26 

29 

32 

26 

35 

145 

155 

169 

180 

196 

133 

150 

170 

178 

181 

6 

7 

9 

8 

6 

8 

7 

9 

9 

8 

3 

4 

6 

7 

12 

19 

25 

34 

38 

38 

16 

34 

51 

66 

IK) 

47 

60 

83 

92 

130 

29 

40 

.56 

80 

72 

50 

86 

105 

138 

162 


1 Families of employed wage earners and low-salaried clerical work«*rs. 

5 Adapted from U. 8. Department of Agriculture Circular 607 (IW 4 ). 

3 Based on records for 1 week. 

< Representative of exi)enditure ranges as follows: $1.25-$1.87; $1.8S-$2.40; $2.60-$;i.r2; $3.13-$3.74; 
$3.75-W.37. Adjusted to 1935 levels by use of U. S. Bureau of Labor Statistics index of retail food (msts. 
i 8ee table 9, footnote 3. 

• 0.6 pound or less. 

^ See table 8, footnote 6. 

• Fresh and canned. 
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Table 11. — City-family^ food: Average per capiut nmsumption in a ymr in 
five region-color groups^ 1931 37^ 


('onsiirnT)tion ^ by— 


Food items 


EjftfS-...-.dozen.. 

Milk, whole, skim, buttermilk.quarts.. 

Milk, evaporated, condensed....pounds.. 

Cheese.do_ 

Cream, ice cream.-. do. .. 

'Fotal milk, fluids-not-fat equivalent C<|uarts.. 

Butter...-_.. . - - ..pounds.. 

Other table fats. do. . 

(_V)king or salad oils, dressings. -do. .. 

Lard, other cooking fats.. . . _ do... 

Bacon, salt i)ork, suet... do_ 

Total fats . .. do. .. 

Beef, veal.... do. .. 

.Mutton, lamb.do_ 

Pork ^exclusive of bacon and salt pork). ... do. .. 

Miscellaneous meat t)roducts .do_ 

Poultry.do ... 

Fish, other sea foods.. .do.,. 

I'otal meat, poultry, fish.do .. 

Sugar.do_ 

Siru])s, jellies, etc...do . 

Bread, rolls. <lo .. 

Other baked go<jds.... . <io_ 

Ueady-to-eal cereals. ____ do_ 

Corn meal. .. do .. 

Rice.. .. do ... 

Flour.... <lo. .. 

Other cereal products _ . . . do_ 

Total flour equivalent .. <lo . 

Potatoes, .sweetpotatoes. - -- - do- 

Mature legumes, cooked or canne<I . do... 

Mature dry legumes and nuts...<lo- 

Dried fruits.- - do- 

Tomatoes.. . - . _ ..do. .. 

(''itrus fruits.... - do- 

I^afy, green, and yellow vegetables ... ..do- 

Other vegetables ■___do- 

Other fniits ■...do- 


White families in cities of— 






Negro 

families 

in 

southern 

cities 

North 

Atlantic 

region 

22 

Fast 

North 

Central 

region 

23 

Pacific 

region 

Fast 

South 

Central 

region 

27 

22 

10 

122 

\(M 

120 

98 

■iO 

14 

13 

24 

21 

11 

8 

0 

11 

6 

2 


5 

11 

1 

1 

102 

144 

188 

138 

.51 

21 

15 

22 

8 

7 

1 

0 

5 

7 

3 


4 

10 

0 

2 

1 7 

14 

10 

25 

33 

1 4 

10 

7 

10 

25 

40 

49 

54 

.12 

70 

54 

40 

.58 

30 

^4 

11 

(0 

10 

1 

1 

1 23 

29 

10 

12 

22 

14 

38 i 

! 13 

14 

10 

: Ifi 

10 

1 112 

9 

13 

• 21 

; 

1 

11 

40 

130 

132 

128 

S3 

1 ■ - 

120 

5t» 

49 , 

1 t>4 

.58 


S 


1 1^' 

19 

14 

129 

117 

105 

02 

1 20 

i 

:w 

28 

13 

3 

« 

7 

(t 

4 

C) 

1 

4 * 

2 

.30 

.54 

4 

3 

3 

4 

15 

28 

40 

42 

75 

94 

18 

13 

18 

11 

14 

104 


IW) i 175 

190 

1.57 

j 138 

139 

100 

' 91 

8 


4 

.5 

2 

8 

‘ li 

11 

15 

10 

.5 

4 

9 

4 

2 

28 

! 24 

41 

:18 

: 14 

43 

1 39 

80 

20 

; 0 

74 

00 

122 

81 

91 

53 

1 54 

78 

49 

1 .30 


' 99 

180 

89 

.54 


’ Families of employe<i wage earners and low-salaried clerical workers. 
^ Adapted from U. S. Department of Agriculture Circular 507 
^ Based on records for 1 week. 

* See table 9, footnote 3. 

^ 0.6 pound or less. 

See table 8, footnote 5. 

• Fresh and canned. 
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Table 12.—Specifications for diets rated gpod; daily allouwices of calories and certain 

important nutrients 


Sex. age, and activity of 
individual 


Men, 20 years and over: 
Moderately active work. 

Very active work. 

Light work__ 

Sedentary work _ 

Women, 20 years and over: 
Moderately active work. 

Very active work. 

Light work.. . 

Sedentary work. 

Boys: 

16-19 years.. 

13- 15 years_ 

11-12 years. 

9-10 years_ 

7- 8 years_ 

4-6 years__ 

Girls: 

14- 19 years_ 

11-13 years... 

8- 10 years.. 

4-7 years.. 

Children: 

2-3 years... 

Under 2 years. 


Energy 

Protein 

Cal¬ 

cium 

Phos¬ 

phorus 

Iron 

[ 

Vita¬ 
min A 
value • 

Vita¬ 
min Bi 

Vita- 
min C 

Ribo¬ 

flavin 






Inter- 

Inter- 

Inter- 

Sher- 

Ca/- 




Milli- 

national 

national 

national 

man 

ories 

Orams 

Orams 

Grams 

grams 

Units 

Units 

Units 

units 

3,000 

67 

0.68 

1.32 

15 

6,000 

500 

1,500 

GOO 

4,500 

67 

.68 

1.32 

15 

6.000 

500 

1,500 

600 

2,700 

67 

.68 

1.32 

15 

6,000 

500 

1,500 

600 

2.400 

67 

.68 

1.32 

15 

6,000 

500 

1,500 

600 

2,500 

67 

.88 

1.32 

15 

6,000 

500 

1,500 

600 

3,000 

67 

.88 

1..32 

15 

6,000 

500 

1,500 

60f) 

2,300 

67 

.88 

1.32 

15 

6,000 

500 

1,500 

600 

2,100 

67 

.88 

1.32 

15 

6,000 

500 


6(K) 

3,600 

75 

1.00 

1.32 

15 

6,000 

6(K) 

1,800 

600 

3,000 

75 

1.00 

1.32 

15 

6,000 

500 

1,500 

600 

2,500 

75 

1.00 

1.20 

13 

6,000 

420 

1,350 

600 

2,400 

75 

1.00 

1.20 

12 

5, 400 

400 

1,200 

540 

2,100 

65 

1.00 

1.00 

11 

5,400 

350 

1,000 

540 

1,500 

55 

1.00 

1.00 

8 

4, 500 

250 

1,000 

450 

2,500 

75 

1.00 

1.20 

13 

6,000 

420 

1, 350 
1,200 

600 

2,400 

75 

1.00 

1.20 

12 

5, 400 

400 

540 

2,100 

65 

1.00 

1.00 

11 

5, 400 

350 

1,000 

540 

1,500 

55 

1.00 

1.00 

8 

4,500 

250 

1,000 

450 

1,200 

45 

1.00 

1.00 

6 

4,500 

2(K) 

1,000 

450 

900 

45 

1 

1.00 

1.00 

f> 

4,500 

200 

1,000 

4.'>0 


I From natural foods, exclusive of \itamiu A coneentrates. 



















PLANNING FOR GOOD NUTRITION 


by Hazel K. Stiebellni and Faith Clark' 


TO OBTAIN an adequate diet, it is necessary to apply the newer 
knowledge of nutrition to the daily selection of food. Here is a method 
for accomplishing this without, in many cases, having to spend an extra 
amount for food, and without violating personal tastes. The authors 
explain how to group foods so as to permit ample choice, how to plan a 
diet to fit the pockethrwk, and how to figure the needs of different 
memhers of the familv. 


One of the main objects of modem biological science is to discover how 
we human beings can attain the greatest possible fitness and well-being 
within the limits of our inheritance. In this, nutrition is one of the 
biggest factors, since it is food that builds our bodies and gives us the 
energy we must have for everything we do. Much research has been 
conducted to discover what the nutritional needs of the bodv are and 
how they can be supplied. Enough has been learned so that fairly 
definite nutritional goals can now he set up for human beings. There 
are numerous gaps in our knowledge, and some things accepted as 
facts will undoubtedly have to be modified; yet in general it is now 
])ossible to outline what is needed in the way of food ener^, protein 
supplies, minerals, and vitamins to keep the body fit, though this 
cannot be done as definitely for some of these essentials as for others. 

The purpose of this article is to present some suggestions for diets 
based on the knowledge now available from the work of many scien¬ 
tists, and to do this in such a way that there will be as much oppor¬ 
tunity as possible for individual choice, to allow for pemonal taste and 
for the size of the pocketbook. The size of the pocketbook is es¬ 
pecially important, tor the more limited the purse, the more difficult 
it is to provide enough of all the nutritive elements the body needs. 
To nourish a famUy adequately on a very small budget taxes all the 
wisdom and ii^enuity of the homemaker; yet many homemakers ac¬ 
complish it. Fortunately, it is possible to work out many different 

' Ha*el K. Stlebellnp Is Senior Food Kconomist and Faith Clark is Junior Ilomo Economist. Bureau of 
Home Economics. 221 

141304’’—;«>-22 
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combinations of foods each of which will provide the same total 
quantity of nutrients. 

In selecting foods for such diets, five questions must be considered: 

(1) T^at do families at different economic levels spend for food? 

(2) How do different kinds or groups of foods rate as economical 
sources of required nutrients? 

(3) What quantities of protective foods do people actually use in 
diets that can be rated as good, and can eveiy^one afford these quan¬ 
tities? 

EXPENDITURE PER WHAT WE SPEND FOR MEALS 

MEAL PER 
ADULT UNIT 


20 CENTS OR OVER- 


15-20 CENTS. 


10-15 CENTS. 


.5-10 CENTS. 


UNDER 5 CENTS. 







EACH SYMBOL REPRESENTS 4 PERCENT OF NONREUEF FAMILIES 

Figure 1 .—More j>copJe in this country spend 20 cents or more per meal than are 
restricted to less than 5 cents., but nearly half (40 percent) spend amounts half-way 
between—10-15 cents per person per meal. 


(4) What diets can be recommended in line with what people can 
afford? 

(5) What is the range in costs of recommended diets in different 
parts of the United States? 

WHAT FAMILIES SPEND FOR FOOD 

What do families at different economic levels spend for food? 

An extensive study made in 1936,* showed that about 1 out of every 


* Consumer Purchases Study, Bureau of Home Economies, data unpublished. 
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25 families not on relief ate less than 5 cents’ worth of food a person ^ 
a meal for the meals taken at home. For about 25 percent of the 
families, the amount per meal was 5 to 10 cents; for another 40 percent, 
10 to 15 cents; for 20 percent, 15 to 20 cents; and finally, 11 percent 
of families, or about one out of every 10, had 20 cents worth of food 
or more per unit per meal (fig. 1). 

These calculations are based on the food prices of 1936. If the 
figures are adjusted to fit 1938 (January-October) prices, and all the 
families are divided into four equal groups, the conclusion is that the 
least prosperous one-fourth of nonreUef village and city families prob¬ 
ably IS spending less than $2.10 a week per food-expenditure unit for 
food; another fourth, $2.10 to $2.70; another fourth, $2.70 to $3.40; 
and the top fourth, $3.40 and more. In the case of nonrelief farm 
families, the food of the least prosperous one-fourth probably is valued* 
at less than $1.50 per unit per week; another fourth, $1.50 to $2; 
another fourth, $2 to $2.60; and the top fourth, $2.60 and more. 

Thus few families in this country spend enough for food to be able 
to disregard economy in selection. Diets must be planned in the light 
of these actual expenditures. 

ECONOMY AND NUTRIENTS 

How do different kinds of fomls rate as economical sources of re¬ 
quired nutrients? 

For the purpose of simplifying dietary problems, the foods common 
in this country can be classified into about a dozen major groups, each 
of which has fairly distinctive usefulness in the diet. The 12 groups 
are (1) milk; (2) potatoes and sweet potatoes; (3) dry mature beans, 
peas, and nuts; (4) tomatoes and citrus fruits; (5) leafy, green, and 
yellow vegetables; (6) other vegetables and fruits; (7) eggs; (8) lean 
meat, poultry, and fish; (9) flours and cereals; (10) butter; (11) other 
fats; (12) sugars. Diets will differ not only in the quantities and pro- 
jiortioiis of the foods which represent each group, but also in the 
variety, form, and grades selected within each group. Although the 
nutritive values of the foods within a single group differ somewhat and 
the nutritive content of diets will be somewhat affected by choices 
within groups, yet foods within a group are more like each other than 
like those in other groups. 

Each of these groups may be considered an economical source of 
certain nutrients. Figure 2 shows this graphically. It is based on the 


3 Or more accurately, i)cr food-expenditure unit per meal p. (303). The followini? 8eale may be used to 
determine family size in terms of food-exiienditure (F. E.) units; that is, the approximate number of moder¬ 
ately active men that could l)e fed for the same sum: 


Men 20-74 years: 

Moderate work_ 

Active work.. 

Men 76 years and over . ^ 
Women 20 years and over: 

Moderate work. 

Active work. 

Boys: 

16-19 years. 

13-16 years. 

11-12 years.. 


F. £. units 

_ 1.00 

_ 1.12 

.92 


.92 

1.02 

1.13 
I.IO 
1.00 


Boys—coiitimieti. 

9-10 years- 

7- 8 years- 

4-6 years.— 

Girls: 

14-16 years- 

11-13 years. 

8- 10 years. 

4-7 years.. 

Children 2-3 years. 

Children under 2 years 


F. E. units 

_ 0.93 

_ .85 

.64 


1.00 

.93 

.85 

.64 

.67 

.63 


< To the cost of purchased food is added the worth of farm-furnished food 
have paid had they bought similar quantities of food of comparable J™® “e«hbors or othw 1 kel> 
sellers. Valued thus at less than city retail prices, more food is represented by a given sum than in cities or 
villages. 
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actual food purchases of city workers in the East North Central region 
in the spring of 1936—families spending $1.88 to $2.49 a person a week 
for food ( 1104 )‘ Suppose 5 cents out of every dollar goes foritems in one 
of these food groups. Then the black lines show how much of various 
nutrients that proportion of the total food expenditiu’e will buy in 
terms of the percentage of the total purchases of each nutritive ele¬ 
ment. For instance, 5 percent of the total food expenditure going for 
milk, cheese, and ice cream bought 26 percent of the total calcium, 7 
percent of the protein, and 14 percent of the riboflavin. Five percent 
spent for potatoes and sweetpotatoes supplied, among other things, 
about half of the vitamin C, and so on. 

The following list shows this in another way. Here the food groups 
are placed under the nutritive elements instead of the nutritive elements 
under the food groups. A food group not marked with an asterisk 
furnished 5 to 9 percent of the total of that nutritive element for each 
5 cents of the food dollar spent on it. A food group with one asterisk 
furnished 10 to 24 percent. A food group with two asterisks furnished 
25 percent or more. Each food group may be considered an econom¬ 
ical source of the nutritive element under which it is placed, but the 
double-asterisk groups are the cheapest sources of that particular 
nutrient, the single-asterisk the next, and the others the least cheap. 


Calories 

♦Potatoes and sweetpotatoes 
Mature dry beans, peas, nuts 
Bread and ready-to-eat grain prod¬ 
ucts 

♦Flour, meals, other cereals 
Butter, cream 
♦Other fats 
♦Sugars 

Protein 

Milk, cheese, ice cream 
♦Potatoes, sweetpotatoes 
♦Mature dry beans, peas, nuts 
Eggs 

Meats, poultry, fish 
Bread and ready-to-eat grain prod¬ 
ucts 

♦Flour, meals, other cereals 
Calcium 

♦♦Milk, cheese 
Potatoes, sweetpotatoes 
♦Mature dry beans, peas 

Iron 

♦♦Potatoes, sweetpotatoes 
** Mature dry beans, peas 

Leafy, green, yellow vegetables 
Fruit, other than citrus 
Eggs 


Meats, poultry, fish 
♦Flour, meals, other cereals 

Vitamin A value 
Milk, cheese, ice cream 
* *Sweetpotatoe6 
♦Tomatoes 

♦♦Leafy, green, yellow vegetables 
Eggs 

Butter, cream 

Vitamin B\ 

Milk, cheese, ice cream 
** Potatoes, sweetpotatoes 
♦♦Mature dry beans and peas 
Tomatoes, citrus fruit 
Meats, poultry, fish 

Vitamin C 

** Potatoes, sweetpotatoes 
♦♦Tomatoes, citrus fruit 
♦Leafy, green, yellow vegetables 
♦Other vegetables 
♦Other fruits 

Riboflavin 

♦Milk, cheese, ice cream 
♦Potatoes, sweetpotatoes 
Eggs 

Meats, poultry, fish 


Thus in the total diet each food group may be thought of as an 
economical source of certain necessary nutritive elements. 

»Italic number.s in parentheses re/er to Literature Cited, p. 1075. 


Figjure 2 .—Percentage of total of specified nutrients contributed to the diet by different 
food groups when 5 percent of the food money was allocated to each. Families of city 
workers, East North Central region, spring 1936. 
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MILK , CHEESe • ice crcaiA 
EXPENSE- S.O 
CALORICS 4.1 |■■i 
PROTEIN 7.2 

CALCIUM Z%A )—I—— ■ 
IRON 2.7 ^ [ 

VITAMIN A 5.4 rnttm 
VITAMIN i, S.S 
VITAMIN C 2.2 ■■ I 
RIBOFLAVIN 14.6 

POTATOES AND SWEET POTATOES 
EXPENSE 5.0 1—^ 

CALORICS iS.f 
PROTEIN 10.5 
CALCIUM 8.4 ■■■■■■ 

IRON 28.4 

VITAMIN A 25.5 ■■■ ■ 

VITAMINS I 35.0 kMHlIlHli HHI ■ 
VITAMIN C 53.8 ■■■ ■ 

RIBOFLAVIN 17.5 pHipilliipill^H 

MATURE ORY PEAS,BEANS,NUTS 
EXPENSE 5.0 I 

CALORIES 8.8 ■■■■■■ 

PROTEIN 18.7 
CALCIUM 10.8 

IRON 28.8 ■^■EllBliiHiM 

VITAMIN A .0 

VITAMIN B, 38.7 HHBBBBHIPI 

vitamin C .0 
riboflavin 3.3 

tomatoes and CITRUS FRUITS 


EXPENSE 

5.0 

CALORICS 

1.3 

PROTEIN 

.8 

CALCIUM 

3.1 

IRON 

2.8 

VITAMIN A 

11.2 

VITAMIN B, 

7.1 

VITAMIN C 

34.9 

RIBOFLAVIN 

3.9 

LEAFY GREEN i 

EXPENSE 

5.0 

CALORICS 

i.l 

PROTEIN 

2.1 

CALCIUM 

3.4 

IRON 

S.3 

VITAMIN A 

32.1 

VITAMIN B| 

4.8 

VITAMIN C 

14.7 

RIBOFLAVIN 

4.2 

other veoet 

EXPENSE 

5X> 

CALORIES 

1.8 

PROTEIN 

2.2 

CALCIUM 

4.4 

IRON 

3.3 

VITAMIN A 

I.l 

VITAMIN B, 

4.2 

VITAMIN 0 

13.8 

RIBOFLAVIN 2.8 

OTHER FRUIT 

EXPENSE 

5X) 

calories 

3.0 

PROTEIN 

.8 

CALOlUM 

2.2 

IRON 

S.l 

VITAMIN A 

S.S 


VITAMIN B| 4^8 
VITAMIN 0 17.8 I 
RIBOFLAVIN S.7 ! 


EXPENSE 

5.0 

CALORICS 

2.3 

PROTEIN 

8.8 

CALCIUM 

3.8 

IRON 

8.3 

VITAMIN A 

7.4 

VITAMIN B| 

4.2 



^ 0.05 pcrocnt or less 


10 IS 20 25 30 35 

PERCENT OF TOTAL 


RIBOFLAVIN 7.4 | 

MEATS, POULTRY, FISH | 

EXPENSE 5.0 IIIM | | 

CALORICS 2.4 M I ' j 

PROTEIN 8.8 PBRIV I 

CALCIUM .5 1 
IRON 5.8 PBMiiP 

VITAMIN A 1.8 m I 
VITAMIN B, 8.5 
VITAMIN C 2 I I 
RIBOFLAVIN 5.9 

BREAD AND REA0Y>T0-EAT GRAIN PRODUCTS 

EXPENSE 5.0 

CALORIES 7.1 HIIM 

PROTEIN 5.8 ■■M 

CALCIUM 3.0 ■■ ’ 

IRON 4.1 mam' 

VITAMIN A 1.3 ■ 

VITAMIN B, I 8 ■ 

VITAMIN C y * 

RIBOFLAVIN I 9 pBI | 

FLOUR, MEALS,OTHER-CEREALS 
EXPENSE 5.0 

CALORICS 14.9 ■■■■■■I ■■i 

PROTEIN 15.6 

CALCIUM 3 5 I— I 

IRON 10 0 ■■■■■i 

VITAMIN A .4 p 

VITAMIN B, 3.2 ■■■ 

VITAMIN C y 

riboflavin y | 

BUTTER, CREAM 
EXPENSE 5.0 p—^ 

CALORIES 8.1 mtmt 
PROTEIN 3 
CALCIUM .9 pi 
IRON .4 I 

VITAMIN A 9.5 ■■■■■■ 

VITAMIN B, .1 I 
VITAMIN C .0 
RIBOFLAVIN 2 I 

OTHER FATS 
EXPENSE 5.0 ■■■ 

CALORICS 11.3 wmmmmmm 
PROTEIN 1.2 ■ 

CALCIUM .4 I 
IRON .8 I 

VITAMIN A 
VITAMIN B, 2.3 ■§ 

VITAMIN C O 
RIBOFLAVIN .8 P 

SUGAR AND SW EETS 
EXPENSE 5.0 pHM 
CALORIES 15.7 ■■■■■■ ■■■11 
PROTEIN .1 I 
CALCIUM 1.2 ■ 

IRON 1.5 ■ 

VITAMIN A ^ 

VITAMIN B, y 
VITAMIN C 1.0 ■ 

RIBOFLAVIN .0 \ 

0 5 10 IS 20 

PERCENT OF TOTAL 
^O.OS PERCENT OR LESS 
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CONTRIBUTIONS OF EACH FOOD GROUP TO THE DIET 

Milk is a cheap and important source of protein, calcium, vitamin 
A value, vitamin Bj, and riboflavin. The forms in which it is taken— 
whether as cheese, or as fluid, evaporated, or dried milk—are lamely 
matters of taste and relative cost. But without a generous supply of 
milk it is difficult to obtain the calcium needed for building and main¬ 
taining teeth and bones and for pronioting a high level of general 
health. If skim instead of whole milk is used, extra butter or its 
equivalent in fat and vitamins A and D should be included in the 
diet. Whole-milk cheese funiishes practically the same food value as 
whole milk; 5 ounces of American Cheddar cheese has approximately 
the same food value as a quart of milk. 

Vegetables and fruits in general are rather wstly to produce and 
also to distribute, since they deteriorate easily in shipping, and their 
high water content means that they occupy much space in proportion 
to the nutritive value they cariy. But they make outstanding con¬ 
tributions to the diet in minerals and vitamins, particularly vitamin C. 
They also help to maintain the alkaline reserve of the body, furnish 
roughage, and aid in maintaining good intestinal hygiene. 'They add 
vanety in color, flavor, and texture to the diet. 

Potatoes, sweetpotatoes, and mature dry beans and peas are com¬ 
paratively cheap to grow, transport, and store. All furnish calories 
cheaply. Potatoes are especially valuable also for vitamins B, and C 
and for iron; sweetpotatoes, for vitamin A value; and mature beans 
and peas for protein, iron, and vitamin B,. 

Tomatoes and citrus fruits deserve special mention as a source of 
vitamin C. Since they can be served raw or with very little cooking, 
they help to protect the diet in this vitamin, which is readily destroyed 
by prolonged cooking. 

The kinds of green leafy vegetables used for food differ greatly 
from one section of the country to another. The thinner and greener 
the leaf, the higher its value for iron and vitamin A tends to be. 
Aside from this consideration, it is economical to use the varieties 
common to a given locality because they are likely to be lowest in 
price. Turnip greens, kale, and collards are widely used in the wSouth, 
and have about the same nutritive qualities as the beet tops, Swiss 
chard, and spinach that are more popular in the North. These 
vegetables play so important a part in diets of southern families, 
especially of the Negroes, that they might well be added with an aster¬ 
isk to a list of foods important for calcium and riboflavin. Other 

g reen-colored vegetables, such as snap beans, peas, asparagus, and 
roccoli, are also valuable, though usually they are not so rich as the 
green leaves in vitamins and iron. Bleached leaves or stalks, such 
as those of blanched celery, certain types of lettuce, and hard-headed 
winter cabbage, are much poorer in vitamin A and iron than the 
green-colored ones. 

Lean meat, ffidi, poultry, and e^s are highly prized for the interest 
and flavor they add to the diet. They have an important place, too, 
because their proteins are of excellent quality; they are rich in ribo¬ 
flavin, and they are pellagra-preventive. Eggs, liver, and lean meats 
are good sources of iron. Liver and eggs are also rich sources of vita¬ 
min A. But as sources of eneigy, meats, fish, and poultry are rela- 
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lively expensive, and they tend to be deficient in calcium and vitamins 
A and C. 

Fats, besides being cheap and important sources of fuel, are useful 
for the flavor and “staging” quality they give to foods. A certain 
quantity of unsaturated fatty acids appears to be nutritionally essen¬ 
tial, and some fats, such as butter and fish-liver oils, are important 
carriers of the fat-soluble vitamins. 

Flours, meals, and other grain prodxicts have always formed a large 
part of the food supply in most parts of the Temperate Zones through¬ 
out the world. The grains are easily and cheaply grown; they are 
cheap to distribute, since they occupy relatively Kttle volurne in 
proportion to food value; and they are comparatively easilv protected 
against deterioration. They are especially important m low-cost 
diets because they are cheap sources of several nutritive values— 
calories, proteins, and iron. The less highly the grain is milled or 
refined, the more it contributes in minerals and vitamins, particu¬ 
larly in iron and vitamin B,. Even when they are lightly milled, 
how'ever, they are relatively deficient in calcium and in vitamins A, 
C, and D and riboflavin. 

Sugar in ordinary commercial form also is a cheap fuel food, but it 
is a pure carbohydrate and contains none of the needed proteins, 
minerals, or vitamins. Cane and sorgo sirups contain considerable 
calcium and iron in addition to the carbohydrates. 

Tlius, some foods contribute more kinds of nutrients than others, 
and some provide certain food values more cheaply than otliers. 
Milk products, tomatoes, citrus fruit, and the green leafy vegetables- - 
the protective foods—should be emphasized in diets at all economic 
levels because of their manj^-sided contributions, including unusual 
quantities of calcium, vitamin A, and vitamin C. If incomes are low, 
potatoes, mature dry beans and peas, and the grain products, espe¬ 
cially in their cheaper and less highly refined forms, should be used in 
generous proportions. With greater purchasing power, the consump¬ 
tion of eggs, meats, and other vegetables anil fruits may be increased 
beyond minimum quantities, in order to give the diet greater 
psychological appeal as well as physiological value. The flavorful 
sugars and fats are imjiortant as inexpensive sources of calories, but 
they should not displace nutritionally indispensable protective foods 
which safeguard diets in minerals, vitamins, and protein of high 
quality, 

PROTECTIVE FOODS 

What quantities of protective foods do people actually use in 
diets that can be rated as good, and can everyone afford these 

quantities? • . i •• 

Nutritionally, the difference between good diets and iisual diets 
lies chiefly in the lai^er quantities of protective foods in the good 
diets. In table 1 are shown average quantities of ^gs, dairy products, 
succulent vegetables, and fruit found in diets rated good m the 
recent studies of family food consumption already refereed to. 
that these are only the protective foods. They do not include all the 
foods in the diet. 

* See the article on Present-Day Diels In the l'nite«l SUtes for the liefinttlon of ii |! 0 (kI diet. 
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Table 1. —Average quantities of protective foods a j^rson a ^rear in diets graded good^ by 
families * living in communities of differing size^ 1935-36 ^ 



1 

i 

Milk 
or its 
equiva¬ 
lent* 


Tomatoes, 

Leafy, 
green, and 

Other 

vege- 

Size of community 

Eggs 

Butter 

citrus 

fruits 

yellow 
vege¬ 
tables < 

tables 
and 
fruits * 


Dozen 

Quarts 

Pounds 

Pounds 

Pounds 

Pounds 

Fann... 

28 

330 

23 

90 

180 

285 

Village____ 

26 

130 

18 

66 

200 

295 

Small cities. .. 

35 

240 

23 

176 

160 

315 

Middle-sized cities ... .. 

27 

200 

26 

no 

160 

305 

Large cities... 

32 

200 

20 

140 

160 

310 

Weighted average. . 

30 

225 

21 j 

115 

165 

300 


1 Native Donrelief families indudiiiR both husband and w ife. 

* From preliminary unpublished data, Bureau of Home Economics, Consumer Purchases Study. 

' Approximately equivalent to the food value of 1 quart of fluid whole milk are: 17 ounces of evaporated 
milk; 1 quart of fluid skim milk and IH ounces of butter; 5 ounces of American Cheddar cheese 4^ ounces of 
dried whole milk; 3H ounces of dried skim milk and Co ounces of butter. 

‘ Sweetpotatoes not included. 

5 Potatoes, sweetpotatoes, and mature dry legumes not include<l; fresh fruit equivalent of dried fruits ineludefl. 

The figures indicate that many different combinations of protective 
foods can be evolved which will meet or exceed a definite set of specifi¬ 
cations in terms of nutrients. The average quantities of eggs ranged 
from 25 to 35 dozen a person a year; of milk, from 130 to 330 quarts; 
of butter, from 18 to 26 pounds; of tomatoes and citrus fruits, from 
65 to 175 pounds; of leafy, green, and yellow vegetables, from 150 to 
200 pounds; and of other succulent vegetables and fruits, from 285 
to 315 pounds. 

If neither the high nor the low, but rather an average figure is taken 
as representative, the list of protective foods would be as follows: 


Per capita Per capita 

per year fwr year 

Eggs- -dozen- . 30 Leafy, green, yellow vegetables 

Milk, or its equivalent.quarts.- 225 pounds.. 165 

Butter---—pounds.. 21 Other vegetables and fruits 

Tomatoes, citrus fruit_ do__ 115 pounds.. 300 


The combinations of protective foods—and other foods, too - in 
current diets rated good tend to be more expensive than can be af¬ 
forded by the less prosperous half of the population. Taking as 100 
the average outlay that probably is now made for protective foods 
by families in this country, the relative cost of the protective foods 
just listed amounts to 141. 

It is neceasaiy, then, to adjust the quantities of protective foods 
according to what peojile can afford to spend. Table 2 presents 
combinations of protective foods, arranged on this basis, that will 
safeguard most freely chosen diets. Again compared with 100 as 
representing the average outlay that is now afforded, the relative 
costs of these lists of protective foods, priced at identical market 
values per unit, are as follows: 


Protective foods specified in plans for: cost 

An economical fair diet_______ 82 

A low-cost good diet___ 112 

A moderate-cost good diet... 143 

An expensive good diet__ 166 
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Table 2. —Quantities of protective foods a person a year suggested for diets adapted to four 

economic leveb 


Diet plan 

Eggs 

Milk or its 
equivalent * 

Butter 

Tomatoes, 
citrus fruits 

Leafy, 
green, and 
yellow 
vegetables * 

Other 
vegetables 
and fruits 


Dozen 

Quarts 

Pounds 

Pounds 

Pounds 

Pounds* 

A n economical fair diet- . 

13 

160 

15 

50 


KM) 

A low-cost good diet. 

17 

230 

20 

65 


1:30 

A moderate-cost good diet.. 

25 

260 

25 

90 


285 

An expensive good diet. 

30 

260 

40 

120 

IBd 

lb')!) 


1 See table I, footnote 3. 

2 See table 1, footnote 4. 
2 See table 1, footnote 5. 


McCollum (72S) has said that a good diet should include the equiva¬ 
lent of a quart of milk every day throughout life; a liberal serving of 
greens or potherbs every day; twice each day a salad containing raw 
fruits or vegetables. The quantities of protective foods suggested in 
table 2 for the diets at four cost levels are somewhat less generous than 
McCollum’s specifications. Nevertheless each represents a step in 
advance of present food-consumption habits at a comparable economic 
level. The more expensive diets furnish somewhat wider margins 
of safety in certain nutrients than do the cheaper diets. However, 
with average choices within each food group, the chances are high 
that the quantities of protective foods included in the three diets 
called “good” will be fully adequate nutritionally. 

DIET PUNS 

What diets can be recommended in line with what people can 
afford? 

McCollum’s rule {722), “Eat what you want after you have eaten 
what you should,” may m general be followed in supplementing these 
budgets of protective foods to round out the daily menus. Habit, 
taste, and economy in nutritive values will affect the choices made. 
Food should be appealing as well as nourishing, but if circumstances 
call for strict economy, families should know when they are paying 
primarily for nutritive values and when for other satisfactions. 

To help families in different economic groups to apply the prin¬ 
ciples of nutrition to their food supply, four diet plans are suggested 
in tables 4 to 7. (For the convenience of the reader, these are grouped 
together as an appendix to this article on pp. 337 to 340.) The quan¬ 
tities of food proposed for the economical fair diet, table 4, provide 
only a small margin of safety and hence may prove inadequate for 
individuals whose bodily requirements are far above average, or for 
any family if the nutritive values of the foods are much reduced 
through wasteful methods of storage or preparation. The su^es- 
tions for the three good diets in tables 5, 6, and / furnish, at three 
cost levels, a wide margin over and above average minimum require¬ 
ments, As might be expected, the plans for good diets suggested for 
families of moderate and high incomes perimt wider choice than 
those indicated for families with limited incomes. • * j 

These four diet plans are outlined in terms of the 12 maior food 
groups already described. They are sufficiently broad that t le oo( s 
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Figures *—^In planning for home food production, the farm family can begin by iiguriiig llie quaiililies of certain foods ihe^ nill need for giMni iiiitriiion. 
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can be obtained in markets in any part of the country, or through 
the varied food-production programs possible in any of the different 
land-use areas (fig. 3). The forms, grades, and varieties of food 
selected within each group will be governed by family tastes, by the 
amount of money that can be spent for food, and by the possibilities 
of local production. Much of the satisfaction that a family will 
derive from its diet will depend upon the skill of the housewife in 
choosing, preparing, and presenting the food, taking into account 
special needs and family preferences as well as market or farm- 
fumished supplies. 

In using any given diet plan, a family might follow these sugges¬ 
tions: 

Write in the blank column provided in the table, beside the description that 
fits, the initials of every person who eats regularly with the family. If a descrip¬ 
tion fits more than one person, write the initials of the extra person or persons on 
one or more of the blank lines, and copy the correct food quantities across the 
line. Next cross out the quantities of food having no one’s initials beside them. 
Add the figures remaining in each column, and the totals form a yearly list for a 
balanced diet for the family. 

The yearly quantities divided by 12 will give monthly figures, 
and divided by 50, somewhat more than is needed for a weekly list. 
Yearly or monthly figures are useful to farm families in planning pro¬ 
grams of production and conservation. Weekly figures are more 
useful for current buying. 

Diet plans should be treated as guides, not hard and fast rules. 
Between the maximum and minimum figures for any food group indi¬ 
cated in one plan or another, many combinations may be made. 
Thus, if vegetables and fruits are very plentiful or cheap, the quanti¬ 
ties included in the moderate-cost or expensive diets may be sub¬ 
stituted for those in the plan for the low-cost good diet. Or if meat 
and eggs can be home-produced or cheaply obtained, the quantities 
listed m the moderate-cost or expensive diets may be substituted for 
the quantities suggested in the low-cost diet. Thus, within limits, 
the plans may be combined or altered. Without expert guidance, 
however, it is unwise to reduce the quantities of eggs, milk, butter, 
vegetables, and fruit below tliose suggested in the economical fair diet 
plan (table 4), or to increase the quantities of grain products and 
potatoes above those listed in the same plan, or to increase the quan¬ 
tities of meat, sugar, and fats above those listed in the plan for the 
expensive good diet (table 7). ^ 

Occasionally there are special dietary needs not provided for in the 
general plan set up in the tables. These may be met by careful 
choices from available foods. For example, if more food enei^ 
must be supplied to persons doing exceptionally heavy work, or to 
very athletic growing youths, extra quantities of foods that are cheap 
sources of calories, such as potatoes, mature beans and peas, bre^s, 
cereals, fats, or sugars may be added to satisfy the need. Or if a child 
is large for his age and very active physically, the quantities listed for 
the next older age group may be followed mstead of those fisted for 
his age. Fortunately, the appetite is usually a good guide for needed 
fuel value and may be catered to after the minimal quantities of pro¬ 
tective foods suggested in the general plans have been used to msure 
all-around dietary adequacy. 
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GOOD DIETS AT LOW AND MODERATE COSTS 

These plans for low- and moderate-cost good diets are geared to the 
food-Sp5iditiire level of the middle half of the nonrelief families in 
this country. In 1938 this included city and village families that 
could afford from $2.10 to $3.40 per e.xpenditure unit per week for 
food. Ix)w-income farm families may wish tf) adopt the low-cost good 
diet if they can produce only a limited supply of their food at home, 
as in first years on the farm, or in general farming areas when crops are 
short, or in land-use areas poorly adapted to food production. Other¬ 
wise a plan as generous as the moderate-cost good diet or one even more 
liberal probably will be preferred by farm families. 

When reduced incomes or rising food prices compel families to 
adjust to a cheaper food supply, such adjustments should first be 
sought in cheaper forms, varieties, or grades within food groups rather 
than in changes in the proportions of foods from the groups. 

The specifications for the low-cost and moderate-cost good diets in 
terms of quantities of major groups needed by individuals are given 
in tables 5 and 6, pp. 338-339. Summarized, the plan for a good diet 
at low cost provides: 


Milk (to drink or in cooked food): 

3 to 4 cups daily for each child. 

3 cups daily for each sedentary person. 

1 quart daily for each expectant or nursing mother. 

1 pint daily for each other adult. 

Vegetables and fruits: 

Potatoes and sweetpotatoes—10 or 11 servings a week. 

Mature dry legumes and nuts—2 or 3 servings a week. 

Tomatoes and citrus fruits—4 or 5 servings a week (at least 4 to 6 table¬ 
spoons of tomato juice or 2 tablespoons of orange juice daily for each 
child under 4 years). 

Leafy, green, and yellow vegetables—9 or 10 servings a week. 

Other vegetables and fruits—9 or 10 servings a week. 

Eggs: About 4 a w'eek for each person. 

Lean meaty fishy and poultry: 6 or 7 small servings a w’eek. 

Other foods: 

Cereal dish—usually once a day, sometimes twice. 

Bread—at every meal. 

Dessert—about once a day if desired. 

The plan for the moderate-cost good diet provides: 

Milk (to drink or in cooked food): 

3 cups daily for each child under 2 years. 

4 cups daily for each other child. 

3 cups daily for each sedentary person. 

1 quart daily for each expectant or nursing mother. 

1 pint daily for each other adult. 

Vegetables and fruits: 

Potatoes and sweetpotatoes—10 or 11 servings a week. 

Mature, dry legumes and nuts—1 or 2 servings a week. 

Tomatoes and citrus fruits—5 or 6 servings a w’eek. 

Leafy, green, and yellow vegetables—10 or 11 servings a week. 

Other vegetables and fruits—2 or 3 servings a day. 

Eggs: 5 or 6 eggs a week for each person. 

Lean meaty fishy poultry: 7 or 8 servings a week. 

Otherfoods: 

Cereal—daily. 

Bread—at every meal. 

Dessert—once a day, sometimes twice. 
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AN ECONOMICAL FAIR DIET 

This plan for an economical fair diet is intended for village and 
city families in straitened circumstances or for low-income farm 
families that either have not yet established a good program of food 
production for home use or must buy all of their food because their 
food-production program has met with disaster. 

If this plan, shown in table 4, is followed, the family will have a 
diet that more than covers average minimum requirements but does 
not afford as wide a ma,rgin of safety as is desirable, unless unusual 
precautions are taken in food selection. Also, it may not prove 
satisfactory from the staiulpoint of nutrition if any members of the 
family chance to have requirements decidedly higher than average, 
or if nutrients are wasted through poor methods of storage or 
preparation. 

This economical diet provides: 

Milk {to drink or in cooked food): 

2 or 3 cups each day for cliildren under 7 years. 

2 cups daily for children 7 years and over. 

1 quart daily for each expectant or nursing mother. 

2 cups daily for each other woman and sedentary person. 

1 cup daily for each man. 

Vegetables and fruits: 

Potatoes and sweetpotatoes— 10 or 11 servings a week. 

Mature, dry legumes and nuts—4 or 5 servings a week. 

Tomatoes and citrus fruits—3 or 4 servings a week (4 to 6 tablespoons of 
tomato juice or 2 tablespoons of orange juice daily for each child under 
4 years). 

Leafy, green, and yellow vegetables—8 or 9 serving.'^ a week. 

Other vegetables and fruits—I serving a day. 

Eggs: 2 or 3 eggs a week for each person. 

Lean meat or fish: 3 or 4 servings a week. 

Other foods: 

C’ereal dish—once or twice a day. 

Bread—at every meal. 

Dessert— occasionally, such as cereal pudding, gingerbread, dried fruit, 
one-egg cake, and other inexpensive kinds. 

AN EXPENSIVE GOOD DIET 

This diet plan, shown in table 7, is su^ested for village and city 
families that do not have to count food dollare closely, and for farm 
families that can produce for home consumption generous quantities 
of milk, eggs, poultrv, and meat, as well as vegetables and fruit. 

This interesting, flavorful, but expensive good diet provides: 

Milk {to drink or in cooked food): 

3 cups daily for each child under 2 years. 

4 cups daily for each other child. 

3 cups daily for each sedentary person. 

1 quart daily for each expectant or nursing mother. 

1 pint daily for each other adult. 

Vegetables and fruits: 

Potatoes and sweetpotatoes—1 serving daily. ^ 

Mature, dry legumes and nuts—about 1 serving a week. 

Tomatoes and citrus fruits—1 serving daily. 

Leafy, green, and yellow vegetables—11 or 12 servings a week. 

Other vegetables and fruits—about 3 servings a day. 
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Eggs: 1 egg a day for each person. 

Lean meaty fish, poultry: 9 or 10 servings a week. 
Other foods: Cereals, bread, dessert, as desired. 


MONEY VALUE OF THE FOUR PROPOSED DIETS 

What is the range in costs of reconnnendefl diets in different parts 
of the United States? 

With food prices constantly shifting, it is obvious that the cost or 
money value of any given diet may vary greatly from time to time. 
However, for purposes of comparison, the estimated money value 
per expenditure unit per week of eacli of tJie suggested diets is given 
below, as of January-October 1938 price levels: 


Villages and cities: 

F]conomical fair diet_ __ _ 

Low-cost good diet__ — 

Moderate-cost good diet- -—_ 

Expensive good diet--- 

Farms: 

Economical fair diet__ 

Low-cost good diet -- 

Moderate-cost good diet, . - - - 

Expensive goofl diet___ _ 


$1. 5a $2. 00 

1. 85-. 2. 90 

2. 30- 3. 70 

3. 10- 4. 10 

L 25- 1. 60 
L 60- 2. 00 
2. 00- 2. 60 
2. 60- 2. 90 


Comparing these figures with the amounts si>ent for food by non¬ 
relief families (pp. 322-323), it is evident that tlie costs of the fonr diet 
plans correspond roxighly to the food expenditures of the fonr groxips of 
nonrelief families in this country. Probably the food expenditures 
of families ot) relief are fairly similar to those of the least prosperous 
fjuarter of nonrelief families. 

The difference between farm C4xsts xind village and city costs is due 
to the large amount of home-produced foo<l which makes up the farm 
family’s diet and which has been valued at less-than-city prices, as 
previously explained (footnote 4, p. 323). 

The range in costs given for each diet plan has two explanations. 
The first and more important is that faniilies in various parts of the 
country make different choices of items within each food group. The 
second is that the retail prices of these foods may vary from region to 
re^on. Since the second factor is less inxportant in its effect on the 
unit price of a food group than the first, much less variation in tlie 
costs of the diets would be apparent if the diets were priced region by 
rerion using an identical list of choices within each food group, 

Differences both in the assortment of items selected withm food 
groups and in the retail prices of different articles lead to variations in 
the average cost per market unit for different food groups. This is 
illustrated in table 3, which shows average prices paid by families of 
wage earners and low-salaried clerical workers in 1934-37 { 1104 ). 
information is available as to the market (juality of the food repre¬ 
sented by these prices, or regarding other influences affecting prices. 
Most of the unit prices refer to groups of food with similar though not 
identical nutritive value, rather than to individual items. For an in¬ 
dividual item such as eggs, the regional price differences at each season 
reflected differences in market quality and in production or handling 
charges. 
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Table i.—Average prices refwrted per unit of specified food groups by families of em¬ 
ployed workers m cities, classified by level of expenditure, color of family, and 
region, December 1934-Fehruary 1937 1 


Weekly per capita expenditure 
for food, color of family, and 
region 

or its equivalent ^ 
(quart) 

1 

t 

2 

3 

a 

L 

tnis fruits 
d) 


•3 1 

S 1 

1 


neats, poultry, fish 
(pound) 

butter 

cereals 

d) 


“£ 

r 

ai 

03 $ 

a 

•S§ 

1“ 

“aS 

11 

“a 

'a 

S 

includi] 

(poun 

If 

73 

a 

3 

£ 


M 

1 ^ 

B 

3 

08 

B 


o> 

bx) 

i 


-i 

1 




S 

1 


■** 

O 



08 

s 

9 

QQ 

1 

$1.25 $1.S8: 












White: 

Ct8. 

Ct8. 

a«. 

Ct8. 

Ct8. 

as. 

as. 

as. 

as. 

as. 

as. 

North Atlantic. 

10.3 

1.6 

11.5 

8.5 

7.2 

6.2 

6.0 

32.1 

29.7 

22.4 

20.8 

25.9 

25.0 

11.5 

11.4 

6.3 

6.8 

Pacific_ __ 

10.1 

1.8 

11.2 

7.9 

6.6 

East South Central. 

9.2 

2.2 

10.2 

6.4 

5.7 

5.4 

29.8 

19.5 

20.9 

7.9 

7.5 

Negro; 









South____ 

i 9.9 

2.4 

7.3 

7.1 

4.0 

4.6 

27.9 

15.8 

19.5 

5.9 

7.0 

$2.5(>-$3.13: 










White: 












North Atlantic.. 

11.2 

1.8 

12.0 

8.0 

7.5 

6.7 

35.9 

26.4 

28.0 

13.8 

7.2 

Pacific.... 

10. 1 

2.3 

13.2 

5.7 

5.7 

6.1 

29.4 

21.9 

28.3 

13.2 

8.0 

East South Central. 

9.9 

2.5 

11.6 

6.4 

6.4 

6.2 

32.6 

24.1 

23.0 

10.4 

8.1 

Negro: 









South.. 

1 9.9 

2.2 

M. 4 

’ fi. 7 

4.2 

3.4 

31. 5 

19.6 

22.7 

1 

6.7 

6.7 


1 From U. H. Department of Agriculture Circular 507 (llOj^), 

2 See table 1, footnote 3. 

'»Includes flour purchased in forn; of baked goods. 


In the case of food groups including two or more articles of food 
differing in retail price per market unit, the average price is affected 
by the proportion of the more expensive footls included in the total 
quantity. Whereas the price of whole fresh milk in cities studied in 
the Southeast was 12.6 cents per quart, as compared with 11 and 12 
cents in the North Atlantic and Pacific regions, southern families 
spending $1.25 to $1.88 a person a week for food paid an average of 
onl^ 9.2 cents per quart for fluid milk or its equivalent in other forms. 
This was lower than was paid by families at the same economic level 
in other regions because larger proportions of the less expensive forms 
of milk, such as evaporated milk and buttermilk, were used in the 
Southeast than elsewhere. 

The average price paid for potatoes aiul sweetpotatoes was higher 
in the ^uth than in the North. This was partly because a larger 
proportion of sweetpotatoes was used in the South, where they were 
slightly more expensive than potatoes, and partly because potatoes 
also were higher priced in southern than in northern markets. 

For leafy, green, and yellow vegetables as well as other vegetables 
and fruits, average prices paid m the South, particularly by the 
Negroes, were less than in other regions. Southern families com¬ 
monly selected inexpensive locally grown foods, such as collards, kale, 
mustard and turnip greens, and okra. Nevertheless, the nutritive 
value of these cheaper vegetables was as high as or higher than the 
nutritive value of the more expensive vegetables selected by northern 
families. 

Northern families paid comparatively high prices for meats. They 
bought a large proportion of rather expensive tender cuts, such as 
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steaks, roasts, and chops. These outs •”»y. 

methods that develop highly pmed flavors, but thm B little differ- 
ence in the nutritive values of the edible portions of different cuts of 
muscle meats. In the South cheaper cuts of pork and beef were 
consumed. Ne^o families tended to use more poultry and fresh 
fish than did white families. 

Prices paid for fats by families in the South were lower than those 
in other regions, because a smaller proportion of the fats bought by 
southern families was in the form of butter and a larger proportion 
was in the form of shortenings and fat meats. This choice resulted 
also in a reduction of the vitamin A obtained from fatty foods. 
However, southern families compensated for this in a large measure 
by choosing large quantities of the vitamin A-rich green, leafy, and 
yellow vegetables. 

Families of the North and West increased their e.xpenditures for 
grain products by choosing many in iiighly processed foriiis, such as 
baked goods and ready-to-eat cereals. Southern families bought 
more flour and com meal for biscuits and quick breads, and more rice 
and hominy, bringing the average cost per poinnl to half or less than 
half of that paid by families of the North and West. 

These few examples indicate how the prices paid per market unit 


for foods similar in nutritive value may differ from one part of the 
country to another. As a result of differences in habitual selections 
within various food groups, city families might pay as little as $1.85 
per expenditure unit per week or as much as $2.90 even when following 
the same general low-cost diet. Thus, the costs of the recommended 


diets in different parts of the United States wUl vary according to the 
habitual selection of foods by the family and to any regional differ¬ 
ences in food prices. 


The figures given on the costs of the suggested diets are valuable 
chiefly for comparative purposes. Given favorable market conditions, 
intelligent, thrifty families might buy these diets for less. Many will 
spend more. But the point should be emphasized that families can 
be expected to obtain nutritionally satisfactory diets when spending 
moderate or small sums for food only if they follow guides such as 
those outlined in this article. When they spend equal sums in accord¬ 
ance with prevailing food choices, the chances are that the resulting 
diets will be in need of improvement in one or more nutrients. 

Only an application of the newer knowledge of nutrition to daily 
food selection can bring the goal of dietary adequacy within the reach 
of all. 
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MICRO-ORGANISMS IN FOODS AND 
FOOD PRESERVATION 


by Harry E. GoresUne < 


BACTERIA , yeasts, and molds cause enormous losses in the food 
industries every year, attacking and spoiling practically every kind of 
food. Preventing this loss is one of the most important problems in our 
modern economy. It can be done only by using correct methods and 
continual care. In this brief account, the author tells how such spoilage 
occurs and outlines what is done to prevent it. He also describes the 
use of micro-organisms for making many products, including such every¬ 
day foods as bread and cheese. 


The MiCKO-OHGANisMS that act on foods mav be divided into two 
general groups: (1) Tliose bringing about spoilage and deterioration, 
and (2) those employed by man as a means of preservation. 

Bacteria, yeasts, and molds are microscopic forms of plant life that 
utilize the soluble constituents of food in their life processes, or that 
secrete enzymes that bring about decomposition of food tissue, which 
renders many of the constituents soluble and available to the micro¬ 
organisms. These processes are ^oing on in nature continuously, and 
they account for a large proportion of the decomposition of organic 
matter to material w hich increases the fertility of the soil. The decay 
of leaves, wood, grass, etc. is brought about by these minute forms 
of life. 

Bacteria, yeasts, and molds cause enormous losses in the food 
industries. Since these micro-organisms are ev^erywhere in nature, 
they are present on the surface of nearly all fresh food products. As 
long as the plant or animal is alive and in good condition it has the 
abiuty to prevent the action of the micro-organisms on its tissues, but 
if the healthy condition of the organism is low’^ered or the plant or 
animal is killed, then the micro-organisms gain access to the tissue 

and decomposition results. . 

For example, an apple hanging on the tree is ordinarily free of decay 
although bacteria, yeasts, and molds are present on its surface. Lake 
most fruits it has a w axy coating, wdiich protects it from invasion, out 

^ Harry E.Goresline is Senior Bacteriologist, Food Keseareh Division, Bureau of Agricultural Chemistry 
and Engineering. 3^*1 
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once tliis is removed or the surface broken or bruised the micro¬ 
organisms gain access and begin to destroy the tissue. When tliis 
apple is picked and placed hi storage certain natural changes begin 
that soften and mellow it and bring it to the stage called ripe. If the 
apple is left in storage long enough, or has been bruised, its resistance 
to the invasion of micro-organisms will be lowered to the point where 
some form of rot will set in. This invasion of the tissue is generally 
made by some fortii, of mold, which, by enzymatic action, softens the 
tissue and makes it relatively easy for hac'teria and yeasts to gain 
entry. Within a very short time the apple is reduced to a dark, soft, 
mushy mass of sohdde material. It is by this process that nature pre¬ 
vents the accumulation of insoluble organic material that would otlier- 
wise clutter up the earth. 

PROTECTION ANO STORAGE OF FOODS 

FRUIT 

In common with other forms of life, micro-organisms grow best 
under certain conditions of acidity, oxvgen supply, and carbohydrate 
and nitrogen metabolism. Since most fruits are acid, they are attacked 
principally by molds and yeasts, wbich are acid-tolerant and grow best 
under acid conditions. Bacterial spoilage of fruit is of secondary im¬ 
portance. Pectin, starch, and other carbohydrates are broken down 
l>y these micro-organisms, and the fruit becomes soft, unsightly, and 
unfit for consumption. Even in the early stages of the decomposition, 
it becomes unpalatable. 

A number of methods have been devised to prevent spoilage of fruit 
in storage. Cold storage is used almost universally for the preserva¬ 
tion of fruit and fruit products. Ijow temperatures retard the natural 
processes in the fruit and retard the growth of micro-organisms. 
Waxy or fungicidal coatings are applied to the surface of fruits, es¬ 
pecially citrus fruits, and fungicidal wrappings have also been used on 
various kinds of fruits. 

FRUIT JUICES 

Freshly pressed fruit juices contain many micro-organisms that 
quickly multiply unless some preservation process is employed. The 
surface of the juice generally becomes covered with a white to gray 
wrinkled scum of mycoderma, which destroys the fruit acids and the 
sugars and gives rise to musty flavors. Since the scum must have ac¬ 
cess to oxygen in order to grow, one method of preventing this surface 
growth is to seal the juice from the air. A cottony type of mold also 
may form on the surface of fruit juices that are not sealed from the 
air. 

Yeasts multiply quickly in fresh fruit juices and convert the sugars 
to alcohol and carbon dio.\ide._ Under controlled conditions the juices 
are converted into wines by this process, but in open containers a large 
amount of acetic acid is formed. This fermentation and acetification 
make fruit juices unfit for consumption in a short time. The preser¬ 
vation of the juices may be accomplished by pasteurization, filtering 
to remove all germs, or freezing. The process most universally em¬ 
ployed is pasteurization, in which the juice is either heated in bulk and 
bottled hot, or heated in the bottle. The temperature and method 
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employed are different for each juice owing to the differences in acid¬ 
ity, sugar content, and initial contamination with micro-organisms. 
Freezing prevents fermentation, but this process starts as soon as the 
juice is thawed. 

VEGETABLES 

Fresh vegetables differ in composition and character from fruits, and 
naturally the flora of the surface and manner of spoilage are somewhat 
different. Most vegetables are nonacid, and many types of bacteria 
and other micro-organisms will grow on the surface and in the tissue 
that will not grow on fruits. Bacteria and molds growing on vege¬ 
tables break down the pectic material, and the tissue becomes soft and 
watery through loss of structure. If piled together, most vegetables 
undergo a sweat with a considerable rise in temperature. This steamy, 
warm environment is ideal for the growth of many micro-organisms 
and spoilage of the product takes place in a few hours. Fresh vege¬ 
tables should be handled rapidly, kept as cool as possible, and not 
placed in large containers or piles. Ample circulation of air should 
be afforded in any storage place. 

Certain bacteria convert the soluble sugars present in the vegetables 
to lactic acid, which gives the product a sour, smell and taste. This 
souring takes place in fresh and cooked vegetables, as well as in thawed 
frozen products, and should be used as one criterion in judging when 
material is fit for consumption, 

FROZEN FOODS 

In the last few years the increased production and consumption of 
frozen foods, including ice cream, meat, fish, poultiy, eggs, fruits, and 
vegetables, has renewed interest in the action of micro-organisms at 
low temperatures. Thirty-two degrees Fahrenheit has not proved 
sufficiently low to prevent growth over prolonged storage periods of 
many bacteria, yeasts, and molds capable of bringing about changes in 
appearance, flavor, te.vture, and general usability of the stored foods. 
Storage at temperatures above 15° F. is not considered safe from the 
standpoint of microbial spoilage, nor is this temperature sufficiently 
low to prevent undesirable enzymatic changes in certain products. 
The rate of destruction of microbes and the predominating forms sur¬ 
viving are determineil by such factors as rate of freezing, the nature of 
the product, acidity, size and type of container, airtightness of the 
pack, subfreezing storage temperature, length of storage, original con¬ 
tamination, etc. Less resistant microbial forms arc destroyed during 
the first intervals of freezing. Thereafter the rate of destruction is 
slow. Some microbial forms may remain viable for several years. 

Most spoilage encountered in the frozen-food industiy is due to 
improper iiandling of the product prior to freezing or after it is thawed. 
Vegetables are scalded (blanched) before being frozen to inactivate the 
enzymes present in the tissue, and during this process many micro¬ 
organisms are killed by the. heat. If vegetables are held for a tune 
before scalding or freezing, there is danger of the growth of micro¬ 
organisms that will produce lactic acid, musty flavors, softening of the 
tissue, and general loss of quality. Frozen-food products are not 
sterile, but their microbial content may be kept low by sanitary prepa¬ 
ration and handling, by the maintenance of subfreezing temperatures 
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below which microbial growth is kno^^^l not to take place, and by 
immediate use of the product after thawing. 

As soon as the frozen food is thawed and left at rooin temperature 
the micro-oi'ganisms start to grow. Owing to the partial cooking of 
sxich vegetables during the scalding process, the tissue is softer than 
that of fresh vegetables and the product will sour in a very few hours 
unless it is kept cold. 

Fruits arc generally packed in sirup or dry sugar just before they are 
frozen. Yeast growth starts quickly both in material to be frozen and 
in that which has been thawed. Mold growth is to be expected on 
portions exposed to the air, and the combined action of the micro¬ 
organisms and the oxygen of the air give rise to darkening and to off 
flavors and odors in unfrozen material. 

Fish to be frozen sliould be handled I'apidly, and only freshly caught 
fish should be used, for decomposition sets In rapidly. PA'en though 
they may look fairly acceptable in the frozen state, products of low 
initial quality will have undesirable odoi-s and flavors when thawed. 

To secure and maintain high qualitv in frozen food it is necessary to 
start with high-grade material, handle it rapidly umler sanitary con¬ 
ditions, store and transport at proper freezing temperatures, and use it 
within a short time after thawing. 

CANNED FOODS 

In the canning process foods lye packed in hermetically sealed con¬ 
tainers, and the enzymes are inactivated and the spoilage micro¬ 
organisms killed by the action of heat. When improper processing is 
employed certain micro-organisms survive and multiply in the product. 
Certain types of bacteria produce gas that swells the ends of the cans. 
Other types produce acid without producing gas; this type of spoiltige 
is referred to as “flat sour.” Canned food that shows evidence of 
spoilage or has an off odor or flavor should be discarded. 

Molds do not grow in the absence of air, but yeasts may ferment 
fruits that are improperly processed and cause spoilage. Yeast fer¬ 
mentation produces carbon dioxide and swells the cans. The time 
and temperature of processing have been worked out in commercial 
practice for the various food i)ro<lncts until there is relatively little 
spoilage. 

EGGS 

Much of the spoilage and deterioration encountered in fresh, stored’ 
and processed eggs are due to micro-organisms. The presence of large 
numbers of micro-organisms is an indication of improper handling an<l 
often of unsanitary conditions. A certain percentage of eggs contain 
bacteria at the time they are laid, but most eggs are sterile. The 
white of the egg contains a product known as lysozyme, which kills 
bacteria and which no doubt accounts for much of the free(lom from 
contamination. 

If the flock is handled in such a way as to produce a large per¬ 
centage of “dirties,” or the eggs are subjected to improper treatment, 
a much higher loss from bacterial spoilage is to be expected. The 
principal types of bad eggs found during and after storage are green 
whites, digested whites, white rots, and black rots. As a rule these 
types show decided chemical decomposition and are heavily infected 
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with bacteria. Owing to their high nitrogen and sulfur content, eggs 
have very bad odors and flavors when decomposed by bacteria. 
Musty eggs also are caused by bacterial growth. In commercial prac¬ 
tice neariy all infected eggs are detected by candling so that few bad 
eggs reach the consumer. 

The molding of the surface of eggs in storage gives them an un¬ 
sightly appearance, but this trouble can be avoided by proper liandling. 
If the humidity is properly controlled and contaminated cases and 
packing materials are eliminated, very little trouble should be en¬ 
countered. Such molding does not affect the food value of the egg 
unless it is allowed to remain in storage for a considerable length of 
time, in which case the mold will penetrate the shell and cause 
darkening. 

R^id sanitary measures are essential in egg-breaking plants if 
quality products are to be produced. Great care should be exercised 
in breaking to eliminate all ba(l eggs, since whole batches can become 
infected by one musty egg accidentally included through careless in¬ 
spection. This musty flavor or odor is very penetrating, and every 
precaution should be employed to keep such materials out of the coni- 
mercial pack. The eggs should be broken separately, examined, and 
smelled oefore being added to the main batch in the mixer. 

Speed is essential in handling e^gs to be frozen. The fresh eggs 
should be kept in cold storage until ready for breaking. As soon as 
they are broken they should be churned, poured into the final con¬ 
tainers, and frozen as rapidly as possible. If any chance is given for 
bacteria to multiply in the egg mass there is likelihood of the produc¬ 
tion of off flavors and odors and of general loss of quality. 

MILK 

Milk is a highly perishable article of food, chiefly because it is an 
ideal medium for the growth of micro-organisms. The souring of mflk 
is a well-known example of this activity. Certain bacteria convert 
the milk sugar to lactic acid, and under ordinary conditions at room 
temperature this process is carried on very rapidly. When a certain 
acidity has been reached the casein is converted to its insoluble state 
and sets in the form of curd. Bacteria of the Bacillus »ubtilis tvpe 
produce a rennetlike enzyme which forms sweet curdling of milk, but 
later the curd is more or less completely digested. The growth of 
undesirable micro-organisms often gives rise to very objectionable 
odors, soapy or bitter flavors, and various abnormal colors, or they 
may produce gums in the milk. Yeasts may grow in cream and cause 
it to “gas” or become frothy. Pasteurization is generally employed 
to kill the bacteria, and it greatly prolongs the time that milk may be 
kept in wholesome and palatable condition. Cold storage should be 
used wherever possible to retard the growth of the micro-organisms in 
milk, and needless to say, every sanitary precaution should be taken 
in handling. 

MEAT 

If meats are handled rapidly under sanitary conditions and the 
proper cold-storage methods are employed, relatively little micro¬ 
biological spoilage should occur. A bacterial infection next to the bone 
known as “ham souring” or “bone souring,” which has caused consider- 
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able difficulty, is due without doubt to slow withdrawal of anhnul 
heat or to improper peuetratioii of brine. Injuries to the bone an<l 
tissue during slaughter may play an important role. Beef sourmg 
is also sometimes encountered. Ihider certain conditions of humid¬ 
ity, long cold storage, ajul contamination in haiidling, fresh meat may 
become covered with a growth of mold, but this is of little consecpience 
unless it affects the appearance of the product. Under conditions 
of improper handlhig and storage, bacteria anti molds may protluc-t' 
putrefaction and thus render the product unfit for human consump¬ 
tion. Salting, smokmg, drymg, and fi’eezing are employed to prevent 
bacterial action, retard enzyme activity, and reduce possibility of 
rancidity. 

CARBOHYDRATE MATERIALS 

Bacteria, yeasts, and molds seldom develop in sugar, starch, or 
sirups, because of lack of moisture. However, certain types of food- 
spoilage bacteria sometimes occur in carbohydrates, and when the 
carbohydrates are added to canned foods they may cause spoilage 
unless extreme care is taken to safeguard the keeping quality. This 
group of bacteria is known as “thermophilic,” which means “heat 
loving.” The optimum temperature for growth is about 181° F., 
which is well above the temperatures tolerated by most forms of 
bacteria. The spores of this group are highly resistant to heat and 
are not easily killed during the normal processing of food products. 
Spoilage of processed foods by this group of bacteria usually results 
from undercooling after processing or from storage in too warm 
places. 

The manufacturers of sugar are coo])erating with the food industry 
by eliminating food-spoilage bacteria from sugar. Yeasts and mohfs 
do not survive processes now used in manufacturing sugar and sirup. 
If present they are the result of contamination in handling and storage. 

Some trouble is encountered in the action of yeasts in camly and 
other confections. These yeasts have the ability to grow in sugar of 
very high concentration. The pressure of the carbon dioxide they 
produce causes the candy to burnt open or foam. 

Beverages of the soft-drink type constitute an imjiortant item of 
the Nation’s food bill, and several hundred tons of enei^y-giving sugar 
and other ingredients are used each year in their manufacture. 

The presence of sugar often makes a product a potential medium 
for the growth of bacteria, yeasts, and molds, and unless measures are 
taken to safeguard against their entrance, spoilage often results. 
Yeasts and bacteria are more often the cause of spoilage of beverages 
than are molds. Spoilage evidenced by cloudiness and by the accu¬ 
mulation of a sediinent at the bottom of the bottle occurs more often 
in the winter than in summer, owing to slower turn-over of tlie stock. 
Continued improvements in bottle-washing methoils, preparation and 
handling of ingredients, and automatic bottling macliinery have 
resulted in the manufacture of beverages relatively free fixmi spoilage. 

FOOD PRESERVATION AND PROCESSING BY THE USE OF MICRO-ORGANISMS 

So much emphasis is placed on the role of micro-organisms in food 
spoilage that the importance of their use in food preservation is often 
overlooked. Yet a number of large industries rely on fermentation 
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under controlled conditions to preserve food products or to alter their 
character, and such methods are among the oldest employed by man for 
the preservation of food. 

WINE AND BEER 

Without doubt the first use man made of micro-organisms was in 
the conversion of the juice of grapes and other fruits to wine. This 
natural process, which prolonged the length of time a fruit product 
could be kept, was employed wherever fruit was available. Over 
100,000,000 gallons of wine is now being produced eveiy year in the 
United States. 

Yeasts are naturally present on the stems and skins of grapes and 
on most other fruits as well. When the benies are crushed, the veasts 
multiply rapidly in the juice, formmg carbon dixoidc and alcohol from 
the sugar. If the px'oper control is exercised over the fermentation, 
almost all other micro-organisms can be prevented from growing in 
the material. Most scum or surface-growing forms can be eliminated 
by sealing the protluct from the air and allowing the carbon dio.xide 
formed by the yeast fennentation to sweep all of the oxygen out of 
the container. In making champagne, the carbon dioxide is retained 
in the liquid by keeping the container stoppered; a pressure of as 
much as 120 pounds per square inch is developed. 

In order to insure a good clean fermentation, most wineries inoculate 
the must or juice with a pure culture of wine yeast, which ^ets a head 
start on the other micro-organisms and prevents an undesirable type 
of fermentation. Most wine yeasts grow well in acid solutions and 
at temperatures slightly below the optimum for the growth of most 
bacteria. Where low temperatures are not available treatment with 
sulfur dioxide or pasteurization of the must is often employed. Yeasts 
are tolerant of concentrations of sulfur dio.xide that will kill most 
spoilage organisms. 

When all of the sugar of the must has been converted to alcohol, the 
yeasts die for lack of food aiul because of the killing action of the 
alcohol. Light wines contain up to 14 percent of alcoliol by volume, 
but 16 or 17 percent may bo obtained by natural fermentation when 
the juice has a very high sugar content. By special methods of feeding 
the yeast an alcohol content as high as 21 percent has been attained. 
Wines stored in casks should be sealed from the air to prevent spoilage, 
and spoilage organisms in bottled wines can be killed by pasteurization. 

Beer is made by a yeast fermentation of malted cereal grain extracts. 
The sugars are converted to carbon dioxitle and alcohol as in the wine 
fermentation, but the percentage of alcohol produced in beer is very 
much loAver. In the case of beer the carbon dioxide is retained in the 
product under considerable pressure. This not only adds to the 
palatability but aids in the preservation of the product. Since the 
acidity of the beer is relatively low there is danger of souring by the 
action of the lactic acid bacteria unless the proper precautions are 
taken. Most present-day beer is pasteurized in order to insure its 
keeping quality in the bottle or can. 

VINEGAR 

The first step in any vinegar process is the production of alcohol as 
in making wine or beer. Cider vinegar is produced from fermented 
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cider, while white or distilled vinegar may be made from the alcohol 
distilled from fermented mashes, molasses, or other saccharine 
materials. After fermentation, the alcohol is converted to acetic acid 
by an oxidation process carried on by acetic acid bacteria. Whereas 
the yeast fermentation is carried out in the absence of air, the con¬ 
version of the alcohol to acetic acid can be carried out only in the 
presence of air. In the old barrel method the acetic acid bacteria are 
allowed to grow on the surface of the alcohol solution, while in the 
generator process the alcoholic solution is allowed to trickle down 
through towers filled with shavings, pumice, rattan, or other filling 
material. Millions of gallons of vinegar are produced each year by 
this use of micro-organisms in these two relatively simple processes. 

BREAD AND YEAST 

Leavened bread has been an article of diet for centuries. A cultun* 
of yeast is allowed to grow in a dough made of flour and water. As it 
grows the yeast produces carbon dioxide, which causes the dough to 
rise or become light. In addition, flavors are produced in the bread 
by the yeast or certain types of bacteria. In certain breads the 
growth of lactic acid bacteria is encouraged and characteristic flavoi’s 
are obtained. When the bread is baked the alcohol produced by the 
fermentation is driven off and the micro-organisms arc destroyed. 
Under abnormal conditions bread may become ropy, moldy, or highly 
pigmented by the growth of micro-organisms. 

The yeast used in bread making, or bakers’ yeast, is not the same as 
those types used in making wine or beer. It is manufactured on a 
large scale, and a high yield of yeast is obtained by a process that 
suppresses the formation of alcohol. The use of this type of yeast as a 
food for man and a feed for animals has built up a large industry 
with the sole function of growing and harvesting a yeast crop. Yeasts 
of this general type are the only micro-organisms that man eats as 
such, and they are consumed for their vitamin and mineral content. 

FERMENTED FODDS 

The ability of certain bacteria to form lactic acid from sugars is 
utilized in the preparation of so-called “fermented foods.” These 
include pickles, sauerkraut, olives, and animal feeds on the order of 
silage. In these processes the sugars are converted into lactic acifl. 
The preservation is of a twofold nature, since (1) the increased acidity 
exerts a selective action that inhibits the spoilage micro-organisms, and 
(2) most of the food for bacteria has been used up in the process of 
fermentation, so that there is no further material to encourage large 
microbial populations. 

Since these lactic acid bacteria are tolerant of salt, and since salt 
exerts a curing action, it is employed in almost all fermented foods. 
Cucumbers are fermented in brines strong enough to discourage most 
spoilage micro-organisms, the salt and acid being soaked out before 
the product is used as food. This general process is also used in the 
production of pickled olives. Tn the case of sauerkraut, the salt con¬ 
centration is only about 2K percent, and the product is consumed in 
its final fermented form. The pleasant acid flavor of sauerkraut is 
the result of the bacterial activity. The process in all tliree cases 
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sliould be carried out in the absence of air if possible in order to pre¬ 
vent scum formation. In 1937 the production of pickles took almost 
8,000,000 bushels of cucumbers, of sauerkraut 127,000 tons of cab¬ 
bage, and 25,000 tons of olives were pickled, a total farm value of over 
$7,800,000 for the material used in the making of these fermented 
foods. 

The utilization of micro-organi.sms in the production of silage is 
quite similar except that very little, if any, salt is used. The process 
is described in Losses in Making Hay and Silage (p. 992). 

MILK PRODUCTS 

Micro-organisms are used extensively in the manufacture of cheese, 
butter, and fermented milk products. Various types of micro¬ 
organisms and various procedures are employed to produce different 
products and flavors. Bacteria are employed to sour milk for cheese 
making, and the growth of other bacteria is encouraged in pressed 
cheese to produce ripening. This is brought about by bacterial diges¬ 
tion of the curd, resulting in the development of certain flavors. 
Types of cheese such as Cameinbert, Brie, and Roquefort are produced 
by the action of molds, and specific flavors are produced by their 
growth. 

Sour-cream butter is made by churnmg cream that has been ripened 
by bacterial action with a resultant production of lactic acid. The 
fat globules are more easily coalesced during the churning, and they 
take up certain desirable flavors that were proiluced by the bacteria 
during the fermentation process. Undesirable micro-organisms may 
produce bitter and off flavors in the cream unless proper handlmg 
methods are employed, such as pasteurization, cooling, and the use of 
starters. 

Micro-organisms are used in the production of various sour-milk 
drinks, such as culture buttermilk, acidophilus and bulgaricus milks, 
kefir, and koumiss. The latter two are pro<luced by the combined 
action of yeasts and bacteria and contain an appreciable amount of 
alcohol. 



ENZYMES IN FOODS AND 
FOOD PRESERVATION 

by A. K. Balls' 


ENZYMES y which are within the food material itself and necessary 
to life processes, continue their chemical activity after harvesting or 
storage and produce decomposition. Thus micro-organisms, described 


in the previous article, are not the only cause of food spoilage. Here is 
a brief account of tins enzyme activity and the methods used to prevent 


or minimize it. 


Because agricultural production is seasonal while food consumption 
is steady, the storage of food in some edible form has always been one 
of mankind’s greatest problems. Practically all natural foodstuffs 
except ripe seeds undergo decay unless measures are taken to prevent 
it. Dried fruits, pickles, preserves, cheese, and fermented drinks 
probably all have their origin in attempts at food preservation. 
Today there is an increasing tendency, due to the possibilities of col(i 
storage, to keep foods in their natural state as long as possible. Coltl 
storage in itself merely delays the natural processes of decay, althougli 
when the temperature is extremely low the rate of destruction is very- 
slow. Frozen meat, if it were kept cold enough, would probably last 
a great many years without “going bad.” Defects such as poor 
flavor and appearance and loss of moisture are about the wortit that 
might be expected. It has been reported that the flesh of prehistoric 
animals found frozen in the Arctic was eaten by dogs without any 
apparent ill effect. 

'There are two agencies that cause decaj in natural—that is, 
unjirocessed—foods: (1) Micro-organisms, winch come from contami¬ 
nation, and (2) enzymes, which already exist in the living tissue. 
The number of micro-organisms can be greatly reduced by keeping 
things clean, but under no circumstances is it possible to get rid of 
the enzymes, because they were a part of the material while it was 
alive. Enzymes are curious special proteins built up by the plant 
for the ijurpose of accelerating the chemical reactions that must go on 
if the tissue is to live. After the death of the tissue many such 

' A. K. Balto Principal Chemist in Eniymology, Food aesearch Division, itureau of Aurlcultural 
Chemistry and Engineering. ^ 
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substflnc68 continue to function, And tl\cy causc the disintegi'Ation 
known as autolysis when enzymes only are present, and as decay 
when both enzymes and micro-organisms are present. 

If food could be stored for a very much longer period than is possible 
today, it would be an advantage to everybody. There do not seem 
to be any insuperable difficulties in the way of finding out how this 
can be done. Predictions are always hazardous, but it is perhaps not 
too rash to predict that the differences between large and small crop 
yields will some day be smoothed out more completely than can be 
done now by long-time storage. 

STORAGE OF LIVE FOOD MATERIAL 

Foods are stored either alive or dead. Fruit, for example, is usually 
stored in the living state, whereas meat is invariably stored as dead 
material. It is obvious that dead material may be frozen without 
necessarily injuring it, whereas live material cannot usually be frozen 
without killing it. Therefore different considerations underlie the 
best methods of preserving these two groups. 

FRUIT 

Fruit meant for storage is usually picked green and ripens during the 
storage period. Fruit should not be frozen nor should it be chilled too 
close to the freezing point. The optimum temperature for its storage 
varies with different fruits, but it is usually a few degrees above freezing. 

The changes that fruit uiulergoes during live storage have been 
worked out very well for apples (024).^ It has been found that fruit 
respires—that is, it takes in oxygen and gives off carbon dioxide. The 
production of carbon dioxide is easily measured and serves as an 
indicator of the vital processes taking place. As an apple ripens the 
amount of carbon dioxide given off increases, some of the starch 
changes to sugar, and some of the sugar forms carbon dioxide. At the 
moment of ripeness the apple gives off carbon dio.xide at the highest 
rate; this rate then gradually decreases during a long period while the 
fruit grow's old. The life processes as indicated by the evolution of 
carbon dioxide slow down in intensity and the amount of sugar 
present is lessened because there is no more starch to replenish it. 
The apple finally dies, at which time there is a short burst of biological 
activity followed by a fall to zero. The dead fruit then decays. 
The presence of molds and bacteria, of coui*se, hastens this process, 
but even without them the enzymes within the cells carry on the 
disintegration. 

Respiration is the most striking chemical process that goes on in 
stored fruit. Since respiration is a process of oxidation, the ripening 
of fruit retjuires a supply of oxygen. Oxidation is also observed on the 
exposed surfaces when some liinds of fruit are cut open. The well- 
known darkening of apples, pears, and the other fruits is due to this 
reaction. The darkening is caused by the activity of an enzyme either 
of the peroxidase type or of the phenol oxidase type, the difference 
between which is that the latter can use the oxygen of the air but the 
former can use only the l^drogen peroxide that is produced by the 
fruit during respiration. From present knowledge it seems probable 

* Italic numbers In parentheses refer to Literature Cited, p. 1075. 
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that the respiration of the whole fruit, bound up as it is with the 
process of ripening, depends on oxidizing enzymes in which the protein 
of the enzyme is combined with a metal such as iron or cojjper. 

The final result of the chemical reactions which constitute tissue 
oxidation, or respiration, is the same as thoug:h the food substances 
used (sugars in this case) were burnt. It is, therefore obvious tbat 
respiration produces heat. The heat of respiration can amount to a 
great deal in a cai^o of fruit. It is known that the rate of respiration 
IS greatly diminished at low temiieratures. Consequently, the lower 
the temperature, the less respiration takes place in the fruit and the 
less heating occurs in storage. A small increase in temperature may 
entail a lai^e increase in respiration, with the result that a refrigerat¬ 
ing machine capable of maintaining the fruit at a low temperature 
already reached becomes overloaded when it is necessary to cool the 
fruit down to that temperature. Figures showing the amount of 
heat evolved by respiration at different temperatures are given in 
table 1 (980). In other words, the higher the temperature, the greater 
the heat produced by the cargo: and the greater the heat produced 
the higher the temperature goes, because beyond a certain point the 
cooling machinery is unable to take the heat away fast enough. 
Once started, this vicious circle ends in the complete spoilage of the 
fruit. For this reason the best method of shipping fruit is to precool 
it before it is stored in the car or hold, thus avoiding the danger of 
overloading the refrigerating machinery. 


Table 1 .—Heat evolved in a Um of fruit per day at several temperature levels 


Temperature 

(“F.) 

Apples 

Pears 

1 ('anta- 
loup.s 

i Temiieralure 

! j 

Apples Pears 

Canta¬ 

loups 

32... _ 

40_ 

British ther- ] 
mal units 
660-880 1 
1,100-1,760 

i 

British ther- I 
mal units 
660-880 

British 

thermal 

units 

213 

506 

1 

i 

:!«, .. 

‘ 85 .. .. 1 

1 British 

British fhtr- British ther- \ thermal 
mal units ; maf units 1 units 

4. 4mi-6. fiOO 18,800 -13. 200 ' 3.038 

6,600-15.500 I. . J . 


There is another way of slowing down respiration and thereby 
lengthening the time required for ripening. It does not take the 
place of cooling but augments its effect. The process is based on the 
principle of storing fruit in the presence of carbon dioxide. Since 
carbon dioxide is a product of respiration, it is reasonable to suppose 
that a high concentration of the gas on the outside of the fruit might 
prevent more of the same gas from forming on the inside. Apples stored 
in air containing about 10 percent of carbon dioxide actually respire 
and ripen very slowljj^, and the length of time that they may be stored 
without damage is said to be at least twice the ordinary period (626). 

Carlmn dioxide is not the only gas ^ven off by ripening apples, 
which in this respect are probably typical of most fruit. At least, 
two other volatile substances are produced, one of which is ethylene. 
The effect of ethylene on green fruit is to speed up the ripening process 
very markedly, so that an accumulation of ethylene in a storage 
space would defeat the purpose of the storage—the retardation of 
npening. It is thus evident that there is need for ventilation in 
storage. The disadvantage of ventilation, however, is that the fruit 
now loses water by evaporation and may become dried out and 
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unsiglitly. To prevent this, the humidity of the air is generally 
controlled and made as high as is possible without furthering the 
growth of molds. A relative humidity of about 75 or 80 percent is 
usually employed. 

GRAIN 

Ripe grain, though alive, is dormant. The germ continues to respire 
slowly, but the remainder of the seed beliaves like dead material. On 
long-continued storage the proteins of soybeans and of coni have been 
observed to become partly denatured. This change may cause the 
loss of a certain amount of food value (692). It has been found that 
such changes in grain take place more slowly at low temperatures. 

Flour is no longer living matter, but it is still capable of undergoing 
oxidative changes. There is always a large quantity of air in flour, 
which assures a supply of oxygen. The alterations that occur in white 
flour while in storage appear at first to improve its bread-making 
properties. White flour is therefore “aged” as a rule. The oxidation 
is said to cause, among other things, the partial inactivation of a pro¬ 
tein-digesting enzyme that tends to make the dough sticky (5.9). 
The effect is probably similar to that of certain oxidative bleaching 
agents, to which improvement in baking quality is often ascribed. 

STORAGE OF DEAD FOOD MATERIAL 

MEAT 

Meat is the best e.xample of material stored in a nonliving state. 
No respiration takes place as with living material, but enzymes cause 
other changes. A loss of water is always to be feared in any material 
stored below freezing. Ordinary cloth wrappers usually suffice to 
decrease evaporation in stored meat. In a process recently developed 
a whole side of meat oi' a large fowl is encased in a tight-fitting rubber 
hag. Since meat is kept at temperatures at which biological activity is 
very low. the importance of ventilation is not great. 

Stored meat is subject to all the natural processes of tlecomposition, 
and these are ordinarily held in check only by low temperature. Car¬ 
bon dioxide, however, is an aid to preservation of meat as well as of 
fruit. The color unfortunately suffers, but the process is useful when 
meatmust beshippeda long way.as from Australia (811). Theeffectof 
the gas is evidently to inhihit the growth of micro-organisms, but in view 
of the results with other products it probably inhibits enzymes as well. 

When the micro-organisms are left out of the picture, meat, like all 
dead tissue, autolyses at ordinary temperatures, rather rapidiv. 
The most prominent feature of the autolysis of meat is the decomposi¬ 
tion of the protein. 

Chemically, autolysis and digestion are not dissimilar, though of 
course in stored meat autolysis should not proceed far enough to make 
the similarity apparent. Autolysis is caused by a different set of cata¬ 
lysts, for the enzymes inherent in meat are not the same as those of the 
digestive tract. The Department of Agriculture has studied the 
changes that occur in stored beef (518). In particular, there is a libera¬ 
tion of ammonia and the production of other break-down products from 
protein, apparently peptides* and peptones. There is ;.lso a separa¬ 
tion of phosphate from organic compounds originally occurring m the 

141394*’- .'19-24 
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tissue. Not only is the protein broken down during autolysis, but the 
fat also undergoes some decomposition, becoming more acid and some¬ 
times rancid also. There may be no connection between these two 
results, but both indicate that the fat lias been broken down. 

EGGS 

Though eg^s are dead material they cannot, be frozen in the shell 
because freezing causes the shell to burst. A storage temperature 
slightly above freezing is therefore necessary. Broken-out eggs may 
of course be frozen. 

It is not often realized how rapidly an egg deteriorates just after it is 
laid. The nest is usually warm and not a good place for storage. 
The sooner the egg can be brought to a low temperature the better, 
and a few hours’ difference may make possible many weeks more of 
commercial storage. 

Eggs give off carbon dioxide, though they absorb little or no oxygen. 
This is not respiration but a form of decomposition. As with meat, 
however, this decomposition is inhibited by the presence of carbon 
dioxide outside the egg in the storage room. The result is of course an 
accumulation of carbon dioxide in the egg, where it inhibits the reaction 
by which more would be formed. The same result could be obtained 
by plugging up the pores of the shell and preventing the escape of the 
carbon dioxide formed within the egg. A coating of thick mineral oil 
tends to do this. According to a process tried out by the "Department of 
Agriculture (lllo) the eggs are dipped in oil, then the air is pumped out 
of them by a vacuum pump, and finally the oil is pushed into the pores 
of the shell by releasing the vacuum. Such eggs have been found 
by the candling test to grade higher after storage than untreated eggs. 
Just how far candling or any other method may be taken as a test of 
the flavor of an e^g is at present hard to say. Candling probably does 
give some indication of flavor, but it does not seem to be very direct. 

The loss of moisture by e^gs in storage is serious for it causes them 
to lose grade. Since candling grades are based to a large extent on 
the size of the air cell, the prevention of evaporation is important. 
In order to reduce the loss of water very high humidities are often used. 
This is safe only if everything is clean and the ventilation is good; 
otherwise mold growth is favored too much. Oiling the eggs also 
helps to minimize evaporation of the water. 

VEGETABLES 

Vegetables stored in a frozen state may be considered as dead mate¬ 
rial, since no respiration takes place in them. Because of the enzymic 
changes to which they are subject, hoivever, vegetables are frequently 
pasteurized before freezing—a process known as “blanching.” This 
orief heating destroys some of the enzymes and prevents any rapid 
action in the frozen material. Enough activity remains, however, to 
require low storage temperatures for good results. The chemical 
changes in frozen vegetables are as yet little understood. Curious 
off flavors sometimes arise, such as the haylike flavor that occasionally 
develops in frozen black raspberries. To prevent loss of water in 
fruits and vegetables stored below freezing, waxed-paper wrappings are 
used to decrease evaporation. 



UNITED STATES MEAT INSPECTION 


by Edward C. Joss' 


BILLIONS of pounds of meat foods are prepared annually in the 
United States under f ederal inspeetion to proteel consumers where they 
cannot protect themselves. The man in charge of this service here tells 
how it works and what it does. 


Insfkction of meat by the Federal Government was first authorized 
by Congress in 1890. It w'as at first designed to satisfy a demand 
from European countries that American 
meats be officially inspected before e.x- 
portation. Subsoipient statutes have 
improved the character and e.xijanded 
the scope of the inspection until it is 
now applied to about two-thirds of the 
meat produced from cattle, sheep, swine, 
and goats in the Uuitetl States and to 
all consignments of meat foods offered 
for importation. The main purposes 
of the present system of inspection are 
to search out and destroy diseased and 
otherwise unfit meat: to see that meat 
and meat products are kept clean during 
the stages of preparation into articles 
of food; to guard against the use of harm¬ 
ful preservatives and other deleterious 
substances; to cause sound and whole¬ 
some meat to be marked “Inspected and 
Passed” (fig. 1); and to prevent the use 
of false or deceptive labels and state¬ 
ments on meat foods offered for sale.^ 

Severe penalties are provided for vio¬ 
lators of the laws involved. When 
Consideration is given, how'ever, to the 
billions of pounds of meat foods prepared annually under inspection 
and tiie hundreds of thousands of consignments which yearly enter 

’ Edward C, Joss is Chief, Meat lDsi>ection Division. Bureau of Animal Industry. 



Fifilin' 1. Mark of Fetleral ins|>ec* 
tioii plareti on ins{)ected and passed 
fresh beef. Cipliers here occupy 
the space reserved for the official 
miiiiber of the estahlishiueiit. A 
harmless purple fluid is iiseil for 
stumping. Identical marks, but 
smaller in size, are placed on the 
fresh meal of calves, sheep, lambs, 
swine, and goals. The mark of 
inspection on horse meat is hexag¬ 
onal in shape and green in color. 
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into interstate and foreign trade, there is, happily, comparatively 
little willful disregard of the national meat-inspection laws. 


SCOPE OF INSPECTION 

Inasmuch as the authority of the Federal,Government to inspect 
domestic meat foods is limited to the supply prepared for the channels 
of interstate and foreign commerce, the inspection ser\ ice in practical 
application is restricted to the slaughtering and processing establisli- 
inents that prepare meat or meat food products for transportation 
outside the State or Territory. In other words, inspection cannot be 
maintained at an establishment that does not prepare a reasonable 
amount of meat for consumption outside the State or Territory 
wherein it is located. About two-thirds of the N^ation’s supply of 
beef, veal, mutton, lamb, pork, and derived products is examined 
and its preparation and processing watched over by veterinarians and 
lay inspectors of the Department of Agriculture. Primarily their job 
is to protect consumers of inspected meat at places where they can¬ 
not protect themselves. The other third of the domestic supply, with 
the exception of that part which is adequately inspected under State 
and municipal authority, receives little or no official attention as to its 
fitness for human food. 

The statutes provide for the exemption from inspection of animals 
slaughtered by a farmer on the farm and sold or transported beyond 
the borders of the State oi’ Territoiw and, in certain cases, of the 
meat of retail butchers and retail dealers. 

The need for a.dequa,te inspection of meat foods is emphasized 
by the results obtained in the Federal meat-inspection service, which 
is administered by the Bureau of Animal Industry. During the 10- 
year period comprising the fiscal years 1930 to 1939, inclusive, there 
was an average annual slaughter of 72,244,260 animals at establisli- 
ments where Federal inspection was maintained. In the same period 
the average number of carcasses condemned and destroyed anmially 
was 230,741, and many hundred thousand parts of carcasses were 
likewise eliminated. Also, several thousami animals were annually 
found to be unfit for food purposes when submitted to veterinary 
examination in the pens of the establishments, and these were fle- 
stroyed by official action. 

The national system of inspection is well rounded out through au¬ 
thority to continue the examination of meat for soundness and whole¬ 
someness as long as it remains at an establishment where inspection is 
maintained. These supplemental inspections in the year 1939 in¬ 
cluded 8,440,446,161 pounds of meat and meat products and resulted 
in the elimination of .5,338,945 pounds as unfit for food. 

The cost to the Government of maintaining the Federal meat-in¬ 
spection service for the fiscal year 1939 was 7.6 cents per animal 
inspected. On the basis of meat and meat food products, the cost 
was about one thirty-ninth of a cent per pound. 

The statutory provision against false and deceptive labeling of 
meat and meat food products is emphatic, and the enforcement of this 
part of the law is given careful attention to prevent fraud and de¬ 
ception. 
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HOW INSPECTION IS CARRIED OUT 

Before Federal inspection is granted to a slaughtering or processing 
plant, the plant is required to be so constructed, remodeled, equipped, 
and otherwise arranged as to provide the means for the maintenance 
of proper sanitation, and the plant must be otherwise arranged to 
furnish the facilities necessary for carrying on the inspection. Some 
of the requirements are: Ample space for cleanly operations, abundant 
supply of potable water, predominance of impervious floors, smooth 
flat-surfaced walls, means for adequate lighting and ventilating, 
predominance of impervious material in equipment for handling meats’ 
iiot water under adequate pressure, modern plumbing, proper sewer¬ 
age, pavement with drainage connections for livestock pens, and out¬ 
side premises free from objectionable conditions. 

INSPECTION OF MEAT ANIMALS 

Of highest importance in all good systems of meat inspection are the 
removal from the food supply and proper disposal of badly diseased 
animals and meat. These procedures require the services of veteri¬ 
narians and technical assistants skilled in the work. Under the. Federal 
system, examination begins in the pens at the inspected establishment. 
Here unfit animals are condemned and promptly destroyed; those less 
atFei’ted are specially marked and placed apart for slaughter; while 
those appearing normal are allowed to proceed to the slaughtering 
departments. 

Each animal passed on ante-mortem inspection- that is, before 
slaughtering -is subjected to the close scrutiny of the inspectors from 
the time it enters the slaughtering department until the dressed car¬ 
cass is conveyed into the chill rooms. Wliile the carcass is being 
dressed and eviscerated the inspectors search for lesions and signs of 
disease. The procedure of inspection of the carcass and its vital 
organs varies somewhat according to the species, but in each case the 
veterinary examination is carried to the point where the inspector is 
sure that he has found and eliminated any possible bad meat. In 
the event disease or other sign of unfitness is present, the carcass and 
its organs are tagged atul held in the custody of the inspector until dis¬ 
position is made of them. Animals marked “suspect” and held apart 
ot» ante-mortem inspection are slaughtered separately and in a manner 
to allow the inspector to make an extended examination, if necessaiy. 
All condemned carcasses and other condemned material are so 
branded immediately and are held in the custody of the inspector until 
destroyed. 

Carcasses that pass the post-mortem inspection are imprinted with 
round stamps carrying an abbreviation of the phrase “1". S. Inspected 
and Passed” and tlie number used officially to designate the establish¬ 
ment (fig. 1). These stamps constitute the Government’s certifica¬ 
tion that the meat was derived from healthy animals and prepared 
under sanitary conditions. 

INSPECTION OF MEAT PRODUCTS 

A considerable proportion of the several billion pounds of meat pro¬ 
duced annually under Federal meat inspection reaches the consumer 
as fresh meat. The remainder is ultimately transformed by curing, 
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salting, smoking, cooking, melting, refining, canning, chopping, mix- 
ing, and stuffing into such foods as liains, bacon, cornecl beef, laid, 
cooking compounds, sausage, and many kinds of canned meat and 
soup. The preparation of such articles under the inirveillance oi the 
inspector requires thorough knowledge on his part of the various proc¬ 
esses to which the meat is subjected. The.se, duties are largely per- 
hirmed by technically trained lay inspectors who develop expertness 
in detecting unsoundne.ss of meat. Spoilage may occur at all stages of 
preparation. Therefore, the product is inspected and reinspected 
repeatedly during the whole time it remains at the inspected establish¬ 
ment. Not only are the meat and derived product guarded as to 
soundness and cleanness, but care is taken to sec that ingredients and 
seasonings, such as vegetables, cereal, salt, spice, and vinegar, are 
clean and fit for the intended use, and that no coloring matter, chemi¬ 
cal, or other substance not officially approved is added to moat food. 

It is during the processing stages that articles which contain lean 
pork and which, when passed on to the consumer, are customarily eaten 
without cooking, are required to be specially treated to destroy pos¬ 
sible live trichinae in the meat. These are very small parasites some¬ 
times present in pork. This safeguard t<i human health is accom¬ 
plished by one of three oflRcial methods: (1) Heating all parts to a 
temperature not lower than 137° F.; (2) freezing all parts to a tem¬ 
perature not higher than o° F. for not less than 20 days; or (3) curing 
the meat or article according to one of four special methods. Some 
of the products that are treated under Federal inspection to insure 
the destruction of trichinae, if present, ai’e the commonly known 
bologna, frankfurt, and vienna-style sausages, various kinds of dry 
or summer sausage, cooked ham, and Italian-style smoked ham. 
The ordinary smoked pork such as ham, shoulder, shoulder butt, 
shoulder picnic, and cured loin, and all fresh pork and fresh pork 
sausage should be thoroughly cooked befoi-c serving, as there is no 
practical way of inspecting pork to give assurance that it is free from 
trichinae. 

As a supplement to the continuous inspection conducted at the 
time meats are prepared, .samples of curing materials, spices, added 
ingredients, and of meat and finished food articles are collected and 
sent to specially equipped regional meat laboratories for tests and 
examination to determine the suitability and acceptability of the 
articles. Careful watch is also maintained to see that water and ice 
supplies do not become polluted, 

EXPORTS AND IMPORTS 


Upon application, certificates of inspection are issued to exporters 
for consignments of inspected and passed meat and meat products to 
any foreign country. These certificates, along with the serially 
numbered inspection stamps which are affixed to each outside con¬ 
tainer, are this Government’s guarantee that the animals Wn which 
the meat was derived were given veterinary ante-mortem and post¬ 
mortem inspection and that the meat or product is healthful and 
wholesome. 

Foreign^ meat intended for sale in this country must be accom¬ 
panied with proper veterinary inspection papers. An inspection 
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is made of tlic slui)ni(;iit at the port of entry, and if necessary represen¬ 
tative samples arc sent to a laboratory for examination, 'tliat wliicb 
does not conform to retpiircments is refused entry or is condemned 
and destroyed. 

MISCELLANEOUS SERVICES OF MEAT INSPECTION 

Cooperation is furnished to the Navy Department, Marine Corps, 
Coast Guard, Veterans’ Administration, Bureau of Indian Affairs, 
and other agencies of the Government in the selection and inspection 
of meat and meat products for condition arid conformance to the 
respective purchase specifications. During the year ended June 30, 
1939, there were examined for these agencies 81,715,307 pounds of 
meat and products, with rejection of 2,048,224 pounds for not meet¬ 
ing contract requirements. 

In 1919 Congress passed the Home Meat Act, which was largely an 
export measure. It is rerpiired that horse meat be prepared and pro¬ 
cessed at establishmejits separate from those in which meats derived 
from cattle, sheep, swine, and goats are prepared and processed. 
Home meat is conspicuously marked as such. It is mostly exported 
to Europe or used as feed for carnivorous animals in this country. 

By reason of the far-flung Federal meat-inspection service and the 
large proportion of food animals that ultimately pass under the ex¬ 
amination of the several hundred veterinarians and assistants inspect¬ 
ing these animals before and at the time of slaughter, the Bureau of 
Animal Industry is able to furnish aid to livestock owners and sani¬ 
tary authorities in locating centem of communicable diseases. A 
single diseased animal in a shipment received at an inspected estab¬ 
lishment sometimes serves, when traced back to farm or ranch, to 
locate a danger spot for the dissemination of animal disease. Another 
economic benefit of Federal meat inspection is the prevention of the. 
spreafl of animal diseases and parasites through the prompt reduction 
into grease and tankage of condemned material at the inspected 
establishments, the process making it noninfectious. 



SUPERVISION AND INSPECTION 
OF MILK 


by Ernest Kelly' 


MOST of the control over market milk and cream is in the hands of 
State and municipal authorities. Some communities show very little 
interest in efficient milk inspection, though the cost is low—10 cents a 
year per capita or less. Here is a brief account of the principal points 
covered in milk supervision and inspection. 


Much market milk and cream (milk and cream consumed in the 
fluid state) is shipped interstate, but final processing and delivery to 
the consumer is largely local in character. For this reason most of the 
control over these products is e.xercised by State and municipal 
authorities. State laws may be administered by the State department 
of agriculture, the State dairy commissioner, or the State board of 
health. Municipal ordinances are enforced almost entirely by city 
health departments. 

State laws usually aae more general in character than city ordi¬ 
nances. They contain certain standards for fat and other milk solids, 
prohibit adulteration and mi.sbranding, and usually carry essential 
items of sanitation. Municipal ordinances are apt to be more explicit 
and exacting in sanitary requirements. 

In the supervision and inspection of milk and cream three main 
factors are involved: (1) Maintenance of nutritive value, (2) preven¬ 
tion of fraud, and (3) sanitation. 

MAINTENANCE OF NUTRITIVE VALUE 

Most States and cities have established standards for the nutritional 
value of milk. These have been set rather arbitrarily, and may or 
may not be optimum figures from a dietaiw standpoint. Also, the 
relationship required between the several components sometimes 
varies from the ratio normally found in milk. It is believed, however, 
that the consumer is more than adequately protected so far as nutritive 
value is concerned. There has been a uecided trend in recent years 
toward making these standards more uniform, but the latest compila- 

1 Ernest Kelly is CUef, Division of Market-Milk Investigations, Bureau of Dairy Industry. 
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tion of State laws still shows a considerable variation. For example, 
requirements for percentage of fat range from the highest, 3.5, to a low 
of 3.0; those for percentage of solids not fat, from 8.5 to 8.0; and those 
for percentage of total solids, from 12.5 to 11.0. 

Early laws setting fat and solids-not-fat standards were enacted 
largely to prevent the old practices of skimming and watering milk. 
Years ago these operations were fairly common, and many families 
received a concoction which had been diluted to stretcli out the milk of 
a few cows to serve many customers. Fortunately scientific tests 
have been developed which readily detect such tampering, even to the 
slightest degree, and it is now extremely rare to find milk either 
skimmed or watered. 

PREVENTION OF FRAUD 

Formerly it was quite common to find false or misleading statements 
on the milk bottle or cap. The writer once examined a sample of milk 
labeled “Special Baby Milk,” which contained several million bacteria 
per milliliter. Obviouslv such milk was not “special” in the usual 
sense, nor was it a good food for babies. Some doubtful claims are 
still rnade for certain milks, but modem supervision has held them to 
a minimum. 

If efficient milk inspection is in force, there is little danger of the 
consumer’s receiving adulterated or falsely advertised milk. Not only 
have milk-control authorities interested themselves in this question, 
but it has been taken up by medical and other public health bodies. 

SANITATION AND INSPECTION 

While it is extremely desirable to see that milk consumers are not 
defrauded by misleading statements or robbed of essential food values, 
it is even more important that their health be protected by ever\' 
known sanitary precaution. For this reason, most milk inspection 
centers around sanitary conditions, from the cow to the consumer’s 
doorstep. 

The germs of many diseases may be carried by milk. Most of these 
originate from human sources, but it is well known that certain diseases 
of dairy cattle may be transmitted by milk to human beings. Chief 
among these are tuberculosis and undulant fever, the latter being the 
human form of brucellosis, or contagious abortion, in cattle. Cows’ 
uddeis may serve as hosts to certain streptococci, such as those causing 
septic sore throat and scarlet fever in man. Infection from polluted 
water, by flies, or by direct human contact has caused outbreaks of 
typhoid lever. 

Nearly all cities and towns of any importance have milk ordinances, 
which are enforced according to the local interest shown and the funds 
available for such purposes. It is astouishine to note the apathy in 
some communities regarding such a vital problem. It is often difficult 
to secure sufficient appropriations to obtain well-trained personnel and 
adequate facilities. According to the United States Public Health 
Service, the cost of local enforcement where its type of ordinance was 
in effect was about 7 cents per capita per year in cities of over 10,000 
population and 9.5 cents per capita per year for cities under 10,000. 
It seems quite possible to secure efficient milk inspection for 10 cents 
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per capita per year, a small sum for such protectiou, but even this is 
often not made available. 

Milk inspection falls into two main divisions-—sanitary inspection 
and examination of the product itself. The former seeks to eliminate 
possible causes of contamination, while the latter is a final check to 
make sure, so far as possible, that contamination has not occurred. 

Sanitary inspection covers the whole field of production, transpor¬ 
tation, processing, and final delivery. It starts with the cow herself 
and should include careful examinations and tests to exclude the 
possibility of such bovine diseases as tuberculosis. Bang's disease, and 
udder infections, which might be transmitted to man. The Federal 
Government, in cooperation with the States, has almost eluninated 
bovine tuberculosis and has done much to abate other diseases of 
cattle. But there should he a careful and frecpient local check-up. 

At the dairy farm many items need close scrutiny. Among the 
most important are purity of water supplies, sewage and waste 
disposal, health of milkers and milk handlers, cleanliness of milk 
utensils, prevention of contamination by flies and dirt, and prompt 
and efficient cooling. Cows must be comfortably housed in sanitary 
quarters and milk handling must be done separately and under clean 
conditions. Inspectors make visits to the dairy farms and evaluate 
the equipment and methods used. Some use a numerical score card 
that assigns various weights to different factors. Others use report 
blanks on which to record observations of existing conditions. Farms 
that score below a certain figure or persistently violate requirements 
of the milk ordinance are excluded from the market until corrections 
have been made. 

Bacterial counts on milk are made as frequently us personnel and 
facilities permit. While lai’ge luimbei's of bacteria do not necessarily 
mean that milk is unwholesome, in market milk high counts indicate 
carelessness in production or lack of propei' refrigeration aiul call the 
inspector’s attention to the need of a close scrutiny of methods and 
operations at the dairies involved. Pathogenic, or disease-producing, 
bacteria may cause sickness if present in relatively small numbers. 
Careful and frequent medical, veterinary, and sanitary supervision 
is essential for all milk that is to be sold raw, and vigilance should not 
be relaxed even if the milk is to be pasteurized. 

Most of the milk in our cities is now pasteurized. This process 
consists of heating the milk to a temperature high enough to kill all 
disease-producing bacteria that might usually be found in milk without 
injuring its nutritive qualities to any serious extent. It is true that 
vitamin C is partly destroyed by heating, but in any case milk is 
seldom an adequate source of this vitamin. Vitamin C can be sup¬ 
plied to infants in orange or tomato juice, and the normal adult diet 
usually does not have to be supplemented. 

Milk pasteurizing and processing plants should have very close 
supervision, for it is here that milk receives the final treatment before 
it reaches the consumer. Usually such plants are inspected quite 
frequently. Inspectors must be sure that the pasteurization process 
is propeny performed, especially that the required temperature is 
mamtain^ for the allotted time. Care must be exercised to prevent 
recontamination from human sources or unclean equipment. 
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There should also be adequate inspection of milk that is to be manu¬ 
factured into other dairy products. Much of this Jiiilk is subjected to 
high teniperatures during the manufacturing pro(!ess, but the need 
for sanitary supervision is not thereby eliminated. \Iuch less atten¬ 
tion has been paid to milk for manufacturing than to market milk, 
but the present trend is to tighten regulations in this field. 

Many cities classify milk into various grades, such as CJrade A Raw, 
Grade A Pasteurized, etc. Grades with similar names may vary con¬ 
siderably in different parts of the country. The L’nited States Public 
Health Service has endeavored to unify grading systems by advocating 
a milk ordinance for adoptioii by cities. Several hundred localities 
have enacted this uniform legislation. When all is said and done, 
however, the purity of milk supplies depends to a very large extent 
upon the intelligence and diligence of the enforcement officials. 

CARE OF MILK IN THE HOME 

It is the consumer’s responsibility to preserve the high quality of 
milk after it is delivered. As soon as possible after the milk is .set on 
the doorstep, it should be taken in and put in a cold part of the ice box. 
If some time must elapse between delivery and care by the consumer, 
an insulated box should be provided to protect the milk from heat in 
summer and freezing in winter. 

Milk should be put only in clean pitchers or receptacles. Milk that 
has stood at room temperature during a meal should not be poured 
back into cold, fresh milk but kept in its own container. “Keep clean 
and cold’’ is a rule that will preserve good quality and flavor in milk. 



FOOD GRADES AND THE 
CONSUMER 


by IMariusFariolatti‘ 


THE question of consumer grades for foodstuffs is one that has aroused 
widespread interest as well as many heated disputes. There are strong 
arguments for such grades from the economic standpoint, and there are 
also very real difficulties in the way of applying a widespread grading 
system. This article does not attempt to solve the problem, but rather 
to show the reader the kind of problem it is and what it involves. 


The punposE of standardization is the reduction of uncertainty and 
waste in buying and selling. Quality grades for such merchandise as 
foods are a form of standardization. Devising a set of grades for a 
given foodstiiff is an orderly and generally accepted method of account¬ 
ing for significant differences in the characteristics that make up 
quality. Like the dollar and the ounce, a set of grades is a unit of 
account in exchange transactions, but it is applicable only to the 
commodity defined. 

COMMERCIAL GRADES 

The grade standards at present in iise are mainly commercial grades; 
that is, they have been developed and promoted by traders and pro¬ 
ducers to standardize their daily (wholesale) business transactions. 
The consumer seldom knows what these commercial grades are. In a 
highly specialized economy producers and traders gain indispensable 
advantages from objective grades that are uniform throughout the 
market for the commodity. Generally accepted quality standards 
provide the food trades and industries with a common language by 
means of which the financially interested parties to a transaction will 
know what is being purchased, sold, and delivered without having to 
see it and test it themselves. Consequently, contracts can be made in 
clear-cut terms that minimize disputes and establish orderly bases for 
settling those that arise. Purchases and sales by telephone and tele¬ 
graph are facilitated. Market prices are more precise in their meaning 
when they specifically refer to grades of a commodity. The buyer can 
conipare the price differences between qualities and make his business 
decisions m <xre intelligently. Lower grades are not shipped to distant 

» Mari^ Farioletti is Agricultural Kcononiist, Consuiners' Couusel Division, Agricultural Adjustment 
Administration. 
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markets at a cost for transportation that cannot be borne in competi¬ 
tion with the top grades. Different prices for the same grade of com¬ 
modity in different mark(ds are more readily compared and uneconomic 
price differences eliminated by arbitrage. Markets for trading in 
futures are established and hedging is made possible. Farmers re¬ 
ceive a premium for high-quality products and are thus encouraged to 
minimize low-quality output. Credit financing, by banks and others, 
is facilitated by means of warehouse receii>ts and the certain knowl¬ 
edge of the commodity characteristics involved. 

The method was developed through the process of trial and error. 
A food trade or industry may build up a fund of technical knowledge 
with respect to the quality characteristics that have been found to be 
marketable at different prices. Wlien this fund of information is 
crystallized sufficiently to permit general agreement among traders as 
to the possible classification of the characteristics, the trade or industry 
ordinarily will agree on a definition of those quality factors that are 
subject to measurement within a working range of error. These de¬ 
fined standards of quality are not made up of e.xact, unchanging, or 
even easily measurable factors. For e.xample, changes in methods of 
jmoduction or distribution, or the introduction of new varieties of the 
product, or even changes in the techniqjies of measuring the quality 
factors themselves, may require changes in the standards. Conse- 
(juently, in different food trades or industries there are found different 
degrees of development and acceptability of quality standards. In 
the relatively new frozen-foods indtistiy, trading is carried on largely 
by brands or private grades. Trading in wheat, however, is conducteil 
on the basis of mandatory United States grades. 

Individuals in trade and industrv set u]) standards of quality and 
labeled them with brand names designating quality. Such brands 
constitute a kind of grade-labeling system. Apart from brands there 
are commoditv exchanges that have promulgated or accepted more 
objective quality standards, which are mandatory for all trades on the 
exchange. States prescribe or authorize grade standards for certain 
foodstuffs. The Federal Government jiromulgates official and tenta¬ 
tive grade standards for practically all foodstufl's. The tentative 
grades are permissive-—that is, the producer or dealer may use them 
or not, as he wishes. Official United States grades are eitber manda- 
torj’^ or permissive. For example, wheat shijiped by grade into inter¬ 
state commerce must be graded according to the United States official 
wheat grades. Ins]>ectors licensed by the Federal Government per¬ 
form the necessary tests. All future contracts in butter must be in 
tenns of official IJnited States grades. For other foodstuffs, such as 
canned and fresh fruits and vegetables, and meats, the United States 
grades are permissive. Mandatory grading under United States 
^rade standards introduces a degree of uniformity and reliability in 
interregional trading that would otherwise be most diflicidt, if not 
impossible, to achieve. Furthermore, national uniformity in grade 
standards lessens the likelihood of local, State, or regional barriers to 
internal trade due, for example, to nonuniformity of the standards for 
the same foodstuff in different States {112S)} * 


3 
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alic mimbers in parentheses refer to Literature Cited. P- J075. 

ie especially the section on Grades, Standards, and Labeling in reference {iiiS). 
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Since trade demand is derived from consumer demand, consumer 
preferences plav a most important part m the determination of effec 
tive commercial grades. And to the extent that commercial grades 
accurately reflect consumer preferences it may be said that grading 
for the consumer is really a problem of syncjironizing consumer grades 
mth the commercial grades. The crux of tlie consumer-grading or 
grade-labeling problem is the choice of a method for carrying forward 
to consumers the knowledge of how a foodstuff was graded in the 
trade or industry. 

THE CASE FOR CONSUMER GRADES 


Consumers express preferences for commodity qualities such as 
taste or palatability, freedom from foreign matter, matm-ity, size and 
shape, color, uniformity of size and variety, and a minimum of defects 
such as those due to disease or mechanical injury. Since onl,v a 
limited part of a total food supply will conform to the better-quality 
characteristics, the top grade will command a relatively higher price 
than lower grades. Many consumers are willing to pay premium 
prices for higher quality. The grading of foods in conformity with 
consumer preferences would increase the probability that consumers 
would receive, in their everyday transactions, the higher qualities for 
the higher prices paid. 

Grade labeling for consumers is a method for increasing consumer 
purchasing efficiency. It is a practical and honest way of telling 
consumers the quality of foodstuffs in order that they may intelli¬ 
gently compare the different qualities with the different prices. If 
buying and selling by uniform and objective grades is generally 
accepted as necessary to reduce uncertainty and waste at the first and 
middle links of the chain of exchange transactions, it is no less neces¬ 
sary at the final link. In general, consumers have a limited amount 
of money with which to satisfy their food wants. Consequently, 
they are under pressure to minimize waste and get the most for each 
dollar spent for food. In the sense that it would prevent waste of 
consumer purchasing power, efficient consumer purchasing would 
increase the real income of the Nation. 


Consumer grade labeling would not mean that all consumers would 
purchase only the best grades. Only a relatively small percentage of 
a food supply will ordinarily make the top grade. There is a market 
for all of the several qualities of wholesome foodstuffs. But making 
qiiality grades known to the public would eliminate one important 
element of confusion^ and enable consumers to make their choices and 
selections more efficiently. Furthermore, if all purchases and sales 
are made on the basis of grades beginning with consumers and going 
back to the producers, tne probability that producers will receive 
higher prices for higher quality is also increase< and, in turn, produc¬ 
tion methods that increase the likelihood that the foodstuffs produced 
will conform to the qualities consumers prefer are encouraged. 

While CTade labeling for consumers is, m most instances, an effective 
and highfy certain means for evaluating price differences, it is not fool¬ 
proof and reouires consumer education if it is to be used to the best 
advantage. Moreover, the form of consumer grade labeling should 
be such that it will not in itself introduce confusion. The purpose of 
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consumer grade labeling is to provide a practical and uniform method 
whereby consumers can evaluate quality differences without regard to 
private brand or price. This wotild increase the chance that quality 
and price would go together. Consequently, consumer grade labeling 
should be independent of private grades or brands, and should trans¬ 
cend them. 

Consumers who desire high Quality should not need to resort to the 
uncertain and wasteful method of juiying high prices in the hope of 
getting it. They have the right to ktiow what quality they are btiy- 
ing. Consumers are in fact deinimding truthful, concise statements 
of grades, as simple as A, B, C, or 1,2, 3. Simple A, B, C grade label¬ 
ing may be complemented by such additional descriptive information 
as may be appropriate to the product in canned foodstuffs, for ex- 
am])lc, count of pieces in the case of peaches, sieve size in the case of 
peas (fig. 1), strength of sirup in the case of fruit. Simplicity in grade 
labeling includes uniformity of grade names. If U. S. No. 1 designates 
the highest quality for some fruits and vegetables, wliereas for other 
fruits and vegetables there are grades above T. S. No. 1, such as 


'such additional 

DESCRIPTIVE 
INFORMATION AS MAY 
BE APPROPRIATE 
FOR THE PRODUCT, 
SUCH AS SIEVE SIZE 
IN THE CASE OF 
PEAS." 


Fiffure i.—Method of labeling to designate "rade as reeoinmended by the Bureau of 

Agrieiiltiiral Keonoinirs. 

U. S. Fancy and U. S. Extra Fancy, consumer confusion is to be ex- 
])ected and the effectiveness of grade labeling will be lessened. 

The extent to which grade labeling for consumers can be synchro¬ 
nized with existing commercial grade standards varies with individual 
foodstuffs according to the method of handling or processing; the cus¬ 
tomary point of grading; the degree of perishability and the interval 
between the time of grading and the consumer's purchase; and finally 
the technical ability to translate consumer preferences into defined 
quality differences capable of objective lueasurement with reasonable 
accuracy and at insignificant cost per unit of product. 

Research in consumer preferences may^ discover that for some food¬ 
stuffs, at least, the grade standards used in a trade or industry are not 
so closely related to these preferences as they might be for optimum 
consumer satisfaction. If such discoveries are made, a reappraisal of 
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the grade standards will be in order. Lntil then, however it may be 
assimed that there is a real and significant relationship between a set 
of grade standards used in the trade and consumer preference^ Con¬ 
sequently, if it is technically possible to nieasure quality differences 
with a degree of objectivity acceptable to the trade, in ^probability 
this objectivity can be transmitted to consumer gracle labels. 


RPlMn NAMES 


It is generally agreed that canned foodstuffs need to be grade 
labeled for consumers. The containers are opaque, and consiuners 
have no opportimity to determine quality until after the purchases 
have been made. In this case, the problems of grade labeling for con¬ 
sumers are not technical but economic. The canned foods are graded 
for commercial purposes, and the grades could be made known to con¬ 
sumers easily. The canned foods purchased by consumers are for all 
practical purposes of the same grade as when they were graded at the 
cannery. 

However, the practice of selling to consumers by brand or private 
grades is the rule. The owners of these brand names have a vested 
interest in the names that is competitively valuable to them. In most 
food trades or industries individuals have little control over market 
conditions. Advertising and other sales efforts are a form of control to 
which an individual can turn and expect results. Consequently, 
traders and processors brand their commodities and through adver¬ 
tising and other sales efforts try to associate in the minds of consumers 
the desirable quality characteristics of a commodity with a particular 
brand. In this way the individual can expect partly to protect himself 
from unknown changes in market conditions over which he has no con¬ 
trol and which may be detrimental to his business interests. His costs 
of processing and distributing the brand of commodity may be appre¬ 
ciably increased, yet his competitive position in the industry may be 
bettered if the sales efforts have developed a relatively steady demand 
for his brand. 

It is easy to understand the unwillingness of the trade to accept a 
uniform and simple A, B, C grade-labeling system in preference to 
private brand labels. The owners of brand names believe that thev 
will lose whatever advantage they derive from the names even though 
consumers definitely gain. Branding is not a simple and uniform 
grade-labeling system. The large number of brands and the multi¬ 
plicity of descriptive labels, when there is a description, confuse con¬ 
sumers. They cannot evaluate the different prices of two different 
brands of a foodstuff without an accurate knowledge of the compara¬ 
tive qualities of the^ foods. Consumers should have no objection to 
brandf labeling if it is accompanied by a statement as to quality and 
such additional de.scriptive information as may be appropriate to the 
foodstuff. Some progressive canners and merchandisers are already 
labeling canned foods with simple statements of quality such as 
A,B,andC. 


MEAT, BUTTER. EGGS. FRUITS, AND VEGETABLES 


For some foods, such as meats, butter, and eggs, grade labeling for 
the consumer involves a reclassification of commercial grades. The 
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quality gradatioiis in the trade are finer than is necessary or significant 
for consumers. Small price differences that are not significant to 
consumers are often of importance to traders, such as waste and cut- 
out value in carcasses. As a result there are many more commercial 
grades than are necessary for consumer differentiation. These finer 
gradations which may be called trade preferences, are in addition to 
consumer preferences, but nevertheless closely related to them. 
Obviously, cut-out value is imijortant to traders simply because con¬ 
sumers purchase meat bjy specific cuts, the yields of which vaiy by 
certain carcass characteristics. 

For meats, consumer grade labeling is almost entirely permissive. 
The one exception is the ordinance of Seattle, Wash., which requires 
that only graded meats be sold at retail. These retail grades designate 
the same qualities as commercia.1 grades, but the gradations are not so 
fine. Some retail outlets in various cities voluntarily sell fresh meats 
by United States official grades (fig. 2). For such meats as hams and 
bacon, packer brands or grades are the rule. Poultry is sometimes 
voluntarily grade labeled for consumers. 

For butter the quality score standards are the same for consumers 
as for the trade, though they are not always understood by consumers. 
Butter is ordinarily sold to consumers by brand. However, in Cali¬ 
fornia all butter sold must be grade labeled, irrespective of brand, as 
first, second, and third quality, each quality representing a rangeof score. 

There are official United States retail grades for eggs which are 
differentiated from the trade grades primarily by lower tolerance for 
off-grade characteristics. These retail gratles arc permissive. How¬ 
ever, New York requires all eggs sold at retail to be grade labeled. 
The grades conform closely to the Federal standards. Oregon also 
retjuires the grade labeling of eggs. 

Grade labming of fresh fruits and vegetables for consumers presents 
certain problems. Such foodstuffs are perishable, and because of the 
time and distance involved before reaching tlie retail markets, they 
would often have to be regraded if the grade labels were to represent 
accurately the quality received. In fact, even though shippers, 
dealers, and wholesalers ordinarily pur<“hase fresh fruits and vegetables 
by grade, retailers and consumers ordinarily purchase by personal 
inspection. Furthermore, fresh fruits and vegetables are not generally 
sold to the consumer in the package originally graded, but from the 
bins or counters of the retailers. This adds to the difficulty of main¬ 
taining the grade-label identity through to the consumers. Consumer 
packaging and regrading might add significantly to the cost of market¬ 
ing, and it is a question whether the advantages of grade labeling are 
worth the increased costs in such cases. However, even though 
consumers can purchase by inspection, they cannot always identify 
quality characteristics with a high degree of certainty. All is not gold 
that glitters, and consumers do overemphasize appearance, though it 
is only one determinant of quality and may not be closely related to 
other quality factors. Purchasing fruits and vegetables by telephone 
would be facilitated if consumers could purchase by grade, and the 
housewife with limited shopping time would benefit. For some 
fruits and vegetables, such as potatoes, the grade-laoeled consumer 
package is proving to be economically feasible for the top grade. 

14t3»4*—39-2B 
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CONSUMER LABELS OTHER THAN GRADING 

Inspection services such as those performed by the United States 
meat inspectore are not equivalent to grading.' They are for the 
purpose of maintaining the health of the community by assuring con¬ 
sumers clean and wholesome foodstuffs. Grades, on the other hand, 
imply consumer evaluations of qualities that apparently give different 
degrees of satisfaction. The deteimination of whether or not a food¬ 
stuff is clean and wholesome is independent of what its quality may be. 
Consequentljr, the fact that a foodstuff has been inspected and passed 
in itself carries no infonnation to the consumer as to its probable 
grade. 

Under the Federal Food, Drug, and Cosmetic Act of 1938, standards 
of identity for foods (excepting drie<l fruits and fresh or dried vege¬ 
tables) are promulgated by the Secretary of Agriculture. That is. 
after public hearing for industry and consumers, determinations are 
made of such problems as how much fruit and how much sugar jam 
should contain to merit the name “jam.” Minimum standards of 
quality are also detennined. These minimum standards are a kind of 
mandatory coirsumer grade-labeling system. However, it is a very 
incomplete grade-labeling system because the grade-labeling mandate 
aipplies to substandard quality oidy. That is, the Foo<l and Drug 
Administration really sets up two grades, a minimum standard of 
quality that can normally be met by industiy, and a substandard 
quality that is below the minimum standard. If a foodstuff meets the 
minimum standard required, or surpasses it, no label need be attached 
declaring the fact. If it falls below the minimum it must be labeled 
“substandard.” The foodstuff determined to be substandard is 
nevertheless a wdiolesome food, generally as nutritious as the standard 
foods of higher (|uality. 



WHAT THE MODERN HOMEMAKER 
NEEDS TO KNOW 


by Miriam Birdseye 


I H t author of this article contrasts a country Christmas ifinner in 
1680 with a city Christmas dinner toda) to show what has happened to 
food production and processing in our modern industrialized money 
economy. She points out that homemakers must develop a new kind 
of skill in food management, but that the farm home has much to gain 
by adapting some of the older ways to modern needs. 


CHANGES IN 250 YEARS 


In the American colonies 250 years ago almost every step in the 
preparation and processing of food, from the raw material to the table, 
was performed in the home, much of it by the housewife or under her 
direction. This meant that she had first-hand knowledge of the in¬ 
gredients and the quality of practically every product tlie family ate. 
Today, on the other hand, almost every food product that is suscep¬ 
tible of primary or secondary processing ^ is available for sale in com¬ 
mercially prepared form for those who have the money and the desire 
to buy it. 

Farm families constitute the only appreciable group in our popula¬ 
tion which still finds it possible and to a large e.vtent advantageous 
to perform for itself the bulk of the food-processing operations that 
industry performs for a large part of the wage-earning city pop¬ 
ulation, and that the middleman, the wholesaler, and the retailer 
distribute. 

To visualize the changes brought about by industrialization of food 
processing, let us contrast the preparation of a holiday meal in a 
colonial homestead and in a typical modern apartment without a maid. 
where, by v irtue of the fact that the homemaker holds a job, the familv 


1 Miriam Birdseye is Extension Nutritionist, Extension Service. 

2 The term “primary processinp” as used in this article refers to the conversion of raw products into usable 
and durable form, as in making flours and breakfast cereals from grain, sirup and cornstarch from corn, and 
molasses from sugarcane or sorgo, or in canning vegetables and curing meat. Secondary processings involve 
the combination of several raw and primary-processed products into a product wholly or partly ready for 
ininiediate use. Typical examples of secondary-processed foods are baked goods, read v-made mixes, soups, 
^1^ dressings, and toppings. It is a question whether cold storage in wholesale quantities without pre¬ 
liminary treatment, as in the case of eggs, meat, fowl, and fruit, or the holding of other products like sweet- 
potat^ at higher temperatures should be classed as primary or preliminary processing. Much of the In¬ 
dustrialization of food handling, of course, begins at this point. 
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of two has a reasonably good income but comparatively little time out¬ 
side of office hours for homemaking activities. 

Present-day Americans are amazed by well-authenticated accounts 
of foreigners who visited the Colonies in the early 1700’s and actually 
saw wild turkeys weighing 30, 40, and even 60 pounds and selling for 
25 cents apiece, oysters 12 inches long, 5-foot Chesapeake Bay lobsters, 
flights of pigeons that broke down whole branches under their weight, 
a wealth of waterfowl and fishes, deer and bear that might be had for 
the taking, and stupendous combs of wild honey stored in bee trees. 
Small wonder that after the first few years of privation pioneers from 
the Old World, with reasonable industry, could feast on occasion. 

CHRISTMAS DINNER, SEVENTEENTH CENTURY STYLE 

Let us attend a not-too-elaborate Christmas dinner on a Maryland 
tidewater plantation about 1680. The menu includes oysters on the 
half shell, turtle soup, ham, venison, turkey and ducks, potatoes, 
sweetpotatoes, and other vegetables, jellies, conserves, and pickles, 
pumpion (pumpkin), mincemeat, and apple pies, custards, syllabubs, 
and other desserts, coffee, and sweetmeats. Good cheer is provided 
by cider and “diwers wines and spirits.” 

Such a feast was literally the climax of a year’s planning, planting, 
and preserving, with several days given up to intensive preparations 
at the last. 

The oysters, of course, could be had for the gathering. The terrapin 
was caught locally and simmered in the pot hanging finm the lugpole 
of green wood that spanned the huge fireplace, or from its successor, 
the iron crane. The hams, cut from choice home-raised porkers, were 
sugar-cured, hickory-smoked, and aged for months before they were 
ready to boil in home-pressed cider. The meats and game were 
roasted on spits in tin reflector “ovens” before the fire, with constant 
turning and basting, and the fire itself must be constantly replenished 
and burned to glowing coals. The herbs use<l for seasoning, cut last 
summer at their prime, were hung from the rafters to dry, and care¬ 
fully stored. The vegetables were planted, gathered, and stored, and 
wild and cultivated fruits garnered in their season and made into 
sparkling jellies, plain or brandied preserves, or candied sweetmeats. 
Relays of hot, flaky biscuits will supplenient wheaten loaves baked 
in the chimney oven, first heated with its special fire of twigs and 
small wood, and then brushed clean. The veritable fleet of “pyes” 
sweetened with honey or molasses has been made well ahead and 
set away in the north pantry. But before either the bread or pastiy 
could be made, the grain had to be taken to the mill and ground 
into fltmr, the lard tried out with sprigs of rosemary and stored in 
wooden tubs, the cooking butter churned and packed down with salt 
or brine in big stone crocks. Of course, fresh churnings have been 
made for table use on the festive day. 

Wines of dandelion, blackberry, elderberry, plums, and grapes were 
made in season and stored in cool cobwebbed cellars months or ^en 
years ago, but the cider has been prepared just far enough ahead to 
give it a bead and a tang. The choicer wines, brandies, and rum 
were imported, of course, from the Old World or from the West Indies. 
From the West Indies, too, come gleaming 10-pound cones of pure 
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white sugar, kept under lock and key in a metal-lined casket. It has 
been the sweet duty of one of the young ladies to cut with a pair ot 
dainty sugar clippers from such a cone a store of beautifully propor¬ 
tioned sugar cubes, sufficient to serve with that delicious new-fangled 
drink, the after-dinner coffee—imported green, and freshly roasted and 
ground at home. 

Now at last the table, with its gleaming damask and “best chany’’ 
imported from France or England, is ready. The mistress and her 
daughters, having planned or supervised the preparations from first 
to last, withdraw to rest and make their festive toilettes, against the 
coming of kinfolk and guests. For though a holiday dinner requires 
all this work, it is an event in the lives of servants as well as masters, 
ami the more guests the merrier. 

When the meal is over comes the aftermath of clearing up. The 
soft soap made last spring from the winter's discarded fat combined 
with lye leached from hardwood ashes in a wooden trough may be 
hard on the hands, and the dishwater has to be carried from the creek 
or the well and slowly heated in huge kettles, but what of that? Who 
stops to think that the firewood was cut last winter in the wood lot, 
dragged home on a sledge, and chopped to the proper size; or that if 
the fire goes out, it must be rekindled with flint, steel, and tinder, or 
with embers borrowed from some (»ther hearth? If the wind scatters 
ashes over the floor, they can be swept up with the birch broom or the 
turkey-wing fan. Many hands make light work, and in a now country 
there are few occasions to compete in interest with a big family 
gathering. 

CHRISTMAS DINNER, MODERN 

Now to look in on the assembling of an apartment-house feast, modem 
style. In the 6- by 8-foot kitchen there is not much room to store 
things away or to lay out dishes, and it costs a lot for the homemaker 
to stay away from the office. What with the desire to keej) slender 
and the need for hurry-up meals at both ends of the business day, her 
hand just is not “in” for preparing rich, time-consuming dishes. This 
household has no children, no maiden aunts, no servants to call on 
except the woman hired by the hour to serve and clean up. Plans 
must be laid well ahead, of course, but the actual work consists mostly 
of buying and assembling. 

The cocktail, ready mixed or as “makings.” comes from the drug 
store in the basement of the huge apartment building, and from gro¬ 
cery or delicatessen come ingredients for the hors d’oeuvres to go with 
it. The oysters and clear soiq) are easy—the radio has been pleading 
for weeks that you “buy that soup today!” Wafers? From a box, 
of course. 

Just smell that turkey roasting! The housewife-business woman 
bought it quick-frozen in a bag, thawed it in her mechanical refriger¬ 
ator, and stuffed it with day-old baker’s bread, Minnesota butter, 
Utah celery, local parsley, and poultry seasoning from a freshly pur¬ 
chased tin. Cranberry saxice comes in a can, or even in dried flakes. 
Quick-frozen lima be^ns and spinach need only to be dumped from 
their cartons into boiling salted water and will be ready in less than 
10 minutes. There is no substitute for the personaU touch to the 



WHAT THE HOMEMAKER NEEDS TO KNOW 375 

sweetpotatoes, however. Boiled and sliced, they are baked with a 
glaze of butter, brown sugar, and a spoonfvd of bottled honey. The 
salad is put together by hand, crisp from the refrigerator, and colorful; 
and trench or mayonnaise dressing from the store can be given an 
individual touch from the jar of dried salad herbs or a silvered wedge 
of Ro(iuefort cheese. If the hostess mixes her own dressing, the olive 
oil may come from California, the vinegar from the Shenandoah Valley, 
the lemons and the pot of chives from Florida. Cloves of garlic', 
grown in the Connecticut Valley, were slipped into their cellophane 
envelope in Philadelphia. Along with Jersey endive, Texas letttice, 
and greenhouse cucumbers and tomatoes, all are waiting in the base¬ 
ment grocery store. 

The pies are made from canned pumpkin, canned mincemeat with 
trimmings, and pie-crust mix, and served with assorted cheese seg¬ 
ments in tinfoil. The hostess preferred them finally, after consider¬ 
ing a plum pudding, heated in the can and served piping hot wdth a 
ready-prepared sauce, and ice cream, which the dairy delivers packed 
with “dry ice.” 

Raisins and salted nuts come in cellophane wrappings or glass con¬ 
tainers. And last, of course, the coflfee, ground a few days ago for 
her favorite kind of pot and vacuum-packed or sealed and dated, to 
be served with tiny sugar lumps ami multicolored mints from a box. 

Even with so much labor pawl for in the form of processed goods, 
there’s plenty of work to assembling and clearing away a holiday 
meal for six. But when the dishes are scraped and stacited, washing 
is easy with scalding water from the swinging faucet and plenty of 
soap flakes. Rinsed and placed in the dish drainer, the china dries 
itself. The waxed linoleum is brushed up, a spot or two wiped off, 
and the kitchen floor is in shining order. 

NEW SKILLS NEEDED BY HOMEMAKERS 

These changes have come about through many causes, chiefly 
industrialization and the shift to a money economy. This means that 
instead of proilucing and processing at home much of what they need, 
the town and city populations protluce no raw material, but instead 
market their time, labor, and skills for wages or salaries, which they 
in turn use to buy goods provided and services rendered by others. 
The processing of food has been transferred from the household to 
lai^er and larger industries, and these industries aim for survival 
through greater volume of production and wider distribution. 

Home consumers have benefited by the industrialization of food 
processes, but they have lost by it too. The family as a unit loses 
through the reduction of the contribution that the housewife and the 
children previously made to the home by their labor, which added to 
the real income of the family. Shifting of work to the processing 
plants has minimized the home as a center of training for technical 
skills and postponed the time when a child feels himself a useful 
member of the household. The early training in the skills that kept 
the family going and the coiisec[uent association of children and parents 
were veiy real influences in developing character and nersonaUty. 

Processing for profit is subject to the temptations that beset any 
business. The unscrupulous resort to adulterations and misrepre- 
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sentations that may enhance profits at least temporarily. The chief 
of the bureau of food and drugs of a State departmetit of health re¬ 
cently listed among the duties of his staff the inspection of milk for 
cleanliness, freedom from adulteration, and proper pasteurization: 
ice cream for butterfat conteut and sanitation: butter for fat content; 
oil for freedom from adulteration: chopped me,at for freshness, adul¬ 
teration, and preservatives; canning factories for sanitary condition 
of foods, machineiy, and workers; fruit for j)oisonous spray residues 
beyond the legal tolerance: shellfish, and the water in which they 
grow, for pollutions injurious to public health. 

Processmg as now practiced also adds a whole series of material and 
labor costs to the original price of the raw material. Some of this 
increase is necessan' and some is not. Thus the percentage of the 
family budget required for food may increase to a point where it is 
out of proportion to the other items. 

Placing food production and processing within the money economy 
requires that consumers develop an understanding of a different 
economy field and a new series of skills to take the place of the old. 
Tf enough monev and understanding are available, consumers have a 
better opportunity to obtain a superior year-round diet. But the very 
poor, especially if they lack understanding, find the cost of a good 
diet prohibitive. 

What do modem homemakers need to understand if they are to 
profit the most and suffer the least from the present industrialized 
stage of food distribution and food processing? Since homemakers do 
most of the consumer food buying, let us set down the minimum 
essentials of the guidance they need. 

As a background, they need to know the proportion of the family 
income that may safely or wisely be allotted to food, and the qualitv 
of diet the allotted sum will provide if intelligently expended. Tins 
necessitates at the verv least a working knowledge of the food groups 
that must be includcfj in the daily diet, the representatives of each 
group that are cheap or dear in terms of food value and price, the 
relative contributions of refined and nonrefined foods in the same 
group, and the value in the diet of the “protective” foods. They 
must understand the rudiments of body requirements for growth, 
maintenance, and muscular work, and the main contributions the 
various food groups make to those needs. The foregoing information 
helps them to keep food expenditures within bounds and show^s how 
important it is to secure health essentials first. 

Homemakers also need to form the habit of planning meals several 
days ahead and of checking them by a daily food guide to insure that 
they follow the meal patteni or the diet plan selected. 

A food list for a week or other convenient period, which tells how 
much of each particidar food group must be used to build up the 
sele'cted diet, is the next aid needed; and since there is a wide selec¬ 
tion in most of these j^roups, homemakers must also make a market 
list based on the food list and on considerations of food values and cur¬ 
rent prices. For the city consumer, Thursday or Friday evening is a 
^ood tfine to make plans for the week, for the newspapers then carry 
information on week-end specials and prices. 

This minimum background could advantageously be greatly ex- 
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paiuled, but it prepares the housewife for the actual selection of raw 
and processed foods from the various sources of supply. 

In these days food guides atul food lists are easily obtained in Gov¬ 
ernment publications and popular texts and through free classes or 
groups conducted by home economics teachers or home economics ex¬ 
tension workers. 

It will help the housewife greatly if she knows and takes advantage 
of customary seasonal price fluctuations for the various commodities. 
The effects of good and poor growing seasons and of carry-overs from 
last season’s supply are also reflected in prices, as well as the long 
swings in the supply of animal foods known as cycles. 

The homemaker should make it a habit to study at the store the 
label of any product she proposes to buy. The law requires that this 
label state the weight of contents. Comparing weights and prices of 
the same article in containers of different sizes guides her in selecting 
the best value for her own conditions. She will need to know also 
what brands and commercial grades pve the most satisfaction for the 
money expended and the use she wishes to make of them. She is 
fortunate if in her neighborhood she can find canned goods not only 
commercially graded for quality but also labeled with Government 
quality grades. Such quality-grade labeling tells her at a glance the 
characteristics of the contents and their suitability for her immediate 
purpose and for her biulget. 

What has already been sai<l of the need for supervision of the sani¬ 
tation and the quality of food prodticts moving in local, State, and 
interstate channels indicates that consumers need to understand, stancl 
back of, and when necessary promote appropriate laws and regula¬ 
tions for their own protection. 

All this will develop the homemaker’s discrimination in studying 
claims made by food distributors, whether through magazine adver¬ 
tisements, the radio, or the press. Thus she will be less likely to be 
swept off her feet and away from her buying plan by glittering promises 
and beguiling offers. In fact, she will develop tnat “stop, look, and 
question’’ attitude which is the first requirement of the shrewd buyer 

HOME PRODUCTION AND PROCESSING 
ON THE FARM 

The farmer, drawing the major part of his gross cash income from 
the raw materials produced on the land he cultivates, is like the mer¬ 
chant in that the expenses of his business must be subtracted from 
gross income to determine net income available for family living. In 
this respect the fanner differs from the wage earner, whose gross and 
net income are almost identical. 

The merchant’s family has an advantage in being able to obtain at 
wholesale prices such items as the business and business acquaintances 
handle. The farm family is benefited through its so-called farm 
privileges—the cash-sparing housing and fuel that ^ come with the 
farm, plus such amounts of the cash crops as the family makes use of. 
In addition, it is at an advantage when available land and labor can 
be employed in raising and processing additional foods needed for the 
family table without correspondingly reducing cash profits. 

Considerations of climate, soil, labor, skill, inclination, and the 
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profits that mav conservatively be anticipatetl vear in and \ear out 
from land and labor mvested in cash crops, or froin labor performed 
bv family members off the farm, help a farm famin decide for each 
essentiarfood whether it is better economy to raise and home-process 
it or to buy it from retail stores or from neijrhbors. ^ Ihese aie de¬ 
cisions which the family should reconsider vearlv, keeping in mind that 
farm people often go without the protective foods that they do not 
raise. Strangely enough, some families consider it economy to sell, 
at farm prices, protective foods that they produce, like milk and eggs, 
which they really need for proper nutrition, in oi’der to buy at retail 
other foods that contribute far less to the diet. 

Were it not for the advantages deriveil through fann privilege and 
the opportunity to draw upon unpaid family labor as needed to process 
the raw foods the farm provides, the cash incomes of farmers as a 
group would be inadequate to maintain a desirable standard of living. 
The Bureau of Home Economics includes, in gross and net farm- 
income figures, not only the cash income but the money value of the 
housing and fuel the farm provides and of the food the family raises 
and actually consumes. 

The avaiiability of raw materials and family labor, of storage space, 
work space, and equipment of a sort, combine with small cash incomes 
and the inconvenience of buying at a ilistant food center to make the 
farm household a link between the self-contained production and con¬ 
sumption cycle of the early colonial homestead, which fed and clothed 
the family with almost no e.vchange of cash, and the city family where 
all or most members of working age market their services for cash and 
pay out cash in turn for the necessities of living. 

When the farm family raises its own raw foods, processes and stores 
them at home, and finally prepares them for the family table, it short- 
circuits price increments arising from such operations as farm market¬ 
ing. manufacturing, and wholesale and retail distribution, with the 
contributory costs of transportation, storage, ad vertising, and financing. 

A sizable portion of our population earns its livelihtKid or invests its 
savings in the transportation of foods by rail, steamship, or motor¬ 
truck, in storage under diverse conditions, in advertising through 
various channels, and in financing the whole series of movements 
between farm producer and ultimate consumer. The farm family 
that produces much of its foqtl supply at home and thus uses raw 
materials minus these price increments usually has a much more 
generous and well-balanced diet than the family that uses its land and 
labor for cash crops, subject to all the hazards of production and price 
fluctuation, and then buj's most of itsf ood out of net cash income. 

Costs of farm production and marketing are heavy, and climate and 
price fluctuations take their toll of farm profits. This is shown by the 
recent consumer purchases study of the Bureau of Home Economics. 
In 1935-36 net family income was compared with ^ross farm income in 
selected counties in Vermont, Pennsylvania. Washington, and southern 
California. Net income was never more than about 50 percent of 
^ross farm income. As gross farm income increased, net income 
increased also, but never at as rapid a rate. 

Purchased at retail, an adequate, well-balanced food supply costs 
between $100 and $165 a person a year. The farm family in the 
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median- or lowei -inconie brackets simply cannot get ahead, and indeed 
is fortunate if it does not fall behind, when the amount available for 
family living must defray a major part of the food cost. The alter¬ 
native is a diet below a desirable level. 

Canning and preserving, butchering, curing meat, making sausages 
and other meat products, butter, soft or hard cheese, bread, and 
pastry, and in certain areas grinding cereals and meals from home¬ 
grown grain are still familiar processes on farms, where family labor 
shifts rapidly from one ojieration to another as the week or the 
season progresses. 

That home processing actually does spare cash has been shown 
again and again by records kept in more or less detail. In 1937, a 
Kansas housewife, following up a lesson on home broad making, re¬ 
ported: “I can easily save half the cost of our weekly bread supply 
by making my bread instead of buying it.” A bulletin of the Vermont 
Agricultural Experiment Station (8SIY recently stated that for a 
family of five or six persons about $24 a year could be saved by making 
bread instead of purchasing it. To the salaried worker this saving 
may seem negligible; but added to a farm-family clothing budget of, 
say, $100 a year for three persons, it offers definite possibilities. 

An enthusiast for home proces.sing of food (130) quotes figures 
based on time and cost studies of actual operations in a well-equipped 
home kitchen, which indicate that home processing results in suflTicient 
savings to compen.sate the housewife for her time at a price consider¬ 
ably above the average factory or clerical wage. She estimates 
that out of a possible total of $101 spent yearly for baked goods by 
the average American city family of three or four persons with a cash 
income of $2,100, $45 could be saved yearly, with a time expenditure 
of approximately 2 hours a week. The return on the housewife’s time 
would thus avenige 43 cents an hour—varying from 32 cents for 
making whole-wheat crackers to $1.28 for baking muffins and chocolate 
nut brownies. She contends that these savings woidd justify the 
ownership of a modeni electric or gas range with temperature controls, 
an electric mixer, and $200 to $300 worth of equipment, the investnient 
totaling between $300 and $500. Needless to say, the farm families 
who most need to save could not afford many of these labor-saving 
devices, but would contribute more hours of labor. 

The farm kitchen has a long history as a processing plant, however. 
Early American kitchens were a combination of cooking center, 
dining room, living room, and factory for the periodic or seasonal 
processing of foods and often for spuming, weaving, and garment 
making. Pioneer kitchens often served as bedrooms at night. 
Since uie kitchen was the only really warm room in cold weather, it 
was necessarily the family gatliering place and the domestic workshop. 

The farm kitchen is still a real food-processing plant. The volume 
and variety of work turned out in it demand good ventilation, good 
lighting, and efficient arrangement. The cash savings l^ught about 
by home processing justify a reasonable investment in efliicient equip¬ 
ment for cooking, refrigeration, storage, washing up, and cleanmg, 
and up-to-date canning equipment is a necessity. 


^ Italic numbers in parentheses refer to Literature Cited, p. 107fi. 



BETTER NUTRITION AS A 
NATIONAL GOAL 


RAISING the nutritional level of any large proportion of the people 
of the United States is far more than an individual problem. It would 
involve a great deal of education; increased purchasing power, or lower 
food distribution costs, or both; and in the long run—at least if a really 
high nutritional level is to be attained—considerable increases in the 
production of the so-called protective foods. These are not problems 
that can be solved overnight. The first step, in fact, is to find out what 
the problems are: and this article explores them from several angles. 


THE PROBLEM 

by Hazel K. Stiebelint < 

If our present knowledge of foods und nutrition were generally 
applied, it would revolutionize dietary habits and have far-reaching 
implications for national health and for agriculture. 

Diets that can be classed as good, nutritionally speaking, include 
more of the protective foods—milk, leafy green-colored vegetables, 
and vitamin C-rich fruits—than do usual diets. According to pre¬ 
liminary estimates based on all data now available, the percentage 
increases of these foc»ds needed to raise present levels of family con¬ 
sumption to the rather generous level of freely chosen diets that can be 
rated good nutritionally are approximately as follows: 


Percent 

increasie 

Milk- 20 

Butter__ 15 

Tomatoes, citrus fruit_ _. _.. . .. 70 

Leafy, green, and yellow vegetables_ 100 

Eggs-:- - __ 35 


Even these freely chosen “good” diets are far from optimal. 
According to the best estimates of internationally recognized experts 
in this held, we should do well to double our consumption of dairy 
products. 

‘ Hazel K. Stlebellng is Senior Food Economist, Bureau of Home Economics. 
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Even if the consumption of these products were increased only 
among those families that are now consuming less than the quantities 
specified in a plan for an economical fair diet (see Planning for Good 
Nutrition, p. 333), and then only to the level specified in that plan 
much more food would be consumed than at present. The per¬ 
centages are approximately as follows; ^ 

Percent mcrea&e 


Milk_ __ _ _ _ __ IQ 

Butter__ _ ___ 10 

Tomatoes, citrus fruit__ _ _ 10 

Leafy, green, and yellow vegetables_ ___ _ _ gO 


And if all nonrelief families chose to select their food in accordance 
with plans for satisfactory diets suited to their incomes (see Planning 
for Good Nutrition, pp. 332-340), the increases called for (assuming 
the 1935-36 distribution of families by income) would amount to: 

Percent increase 


Milk ___ _ _ _____ 16 

Rutter___ _ __ _ 26 

Tomatoes, citrus fruit_ ___ 8 

Leafy, green, and yellow vegetables- __ 80 


These figures indicate the proportionate deficiencies in the con¬ 
sumption of protective foods in this country. The consumption of at 
least 10 to 20 percent more milk, 10 to 25 percent more butter, 25 to 70 
percent more tomatoes and citrus fruit, and about twice as much of 
leafy, green, and yellow vegetables would be advantageous to the 
nutrition of our population. 

The deficit is found chiefly, though not exclusively, among low- 
income groups. These include families on relief and the many non¬ 
relief families whose incomes are so low in comparison with the 
number of family members requiring support that their levels of living 
are just as low as and often lower than those of relief clients. 

From the standpoint of health better diets could mean smaller out-i 
lays for illness, less loss of working time, greater physical efficiencv,' 
and longer, more productive life. For agriculture, better diets would I 
mean increased production of fruits, succulent vegetables, butter, and 1 
milk, and hence more cows and the production of more feed. With' 
increased longevity, people would need all kinds of nutritious foods 
over a greater number of years. 

Farm families that can produce a large share of their o\nai protec¬ 
tive foods enjoy certain advantages over their village and city neigh¬ 
bors. With favorable growing conditions and a willingness to invest 
the necessary land and energy in the project, farm families, even at 
comparatively low economic levels, can have an abundant and varied 
food supply the year around. But to make sure that the food supply 
will be patterned according to the family’s nutritional needs, takes more 
capital and more planning ahead than many yet manage. 

In cities and villages one family out of every seven iiot on relief is 
handicapped as consumers of food by lack of purchasing power. At 
current retail prices, their food expenditures do not cover the cost of 
even an economical diet providing average nutritive requirements, 
and it is scarcely to be expected that they use the money now spent for 
food most advantageously for good nutrition. 

Many families spend enough to buy adequate diets, but some have 
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too little knowledge of food values or appreoiatioii of the importance 
of good nutrition to select diets as good nutritionally as low-cost 
adequate diets could be. Such families need the kind of information 
that will arouse their interest and help them get better value for their 
food money—better not only in weight and market quality, but in 
the “hidden” nutritional values. 

PURCHASING POWER AND THE DIET 

One important factor determining qualit\' of diet is the level of e.x- 
penditure for food. With food prices and buying habits as they were 
m 1934-37 (1104), in most parts of the country families of employed 
workers in cities spending $1.2.*) or less a person a week for food had 
poor diets. Of those affording $2.50 to $3 a person a week, almost 
half were found to have fair or good diets, the othei's, diets considered 
to be in need of improvement in one or moi-e nutrients. At a still 
higher level of expenditure—about $4 a pemm a week for food - -about 
three-fourths of the families had fail* or good diets and about one-fourth 
poor. High purchasing power contributes to improvement in diets 

Purchasing power may be increased through increased incomes 
lower food prices, or both. Without increasing purchasing power 
better diets miglit be obtahied by spending a larger proportion o) 
present income for food. 

The number of persons in a family as well as the size of income if 
important m determining how much money can be spent for food 
Of course a given income does not ^o so far in covering the needs of « 
large family as of a small one. As in the case of a reduction of income 
the support of a larger family on a given income generally leads to ar 
increase in the proportion of total expenditures devoted to food, but at 
the same time there is usually a decrease in the absolute amount spent 
for the food of each person. 

Table 1 shows which of the four diet plans described in the artich 
Planning for Good Nutrition (p. 321), could be obtained for the sunn 
now spent for food by city and village families differing in size anc 
income. The estimates of the costs of the diets were obtained b\ 
pricing the food groups listed in the diet plans according to regiomi 
food choices and retail prices. 


Table 1 .—Diets purchasable (1938 prices) for sums generally allotted to food by- families 

differing in size and income 


.Annual incomo 


Diets purchasable by a family of— 


class 

2 persons J 

3 or 4 iTersons 2 

3 to 5 persons 3 

5 to 8 persons < 

$rioo-$m _ 

Low cost or moder- 

Economical fair diet 

Economical fair diet 

Poor or ecrmomical 


ate cost good diet. 

or low-cost good 

or low-cost good 

fair diet. 

$1,000-$1,499 

Moderate-cost or ex¬ 

diet. 

I.»ow-cost or moder- 

diet. 

...do .. . .. 

Economical fair or 

$1,500-$!,999.... 

pensive good diet. 

_do.. 

ate<*ost good diet. 

_do.. 

Low-cost or moder¬ 

low-cost good diet. 
Do. 

$2,000-$2,999.... 

.do... 

Moderate-cost or ex¬ 

ate-cost good diet. 

- .do.. 

liow-cost or moder¬ 

$3,000-$4,999.. . 

.do._. 

pensive good diet. 
.do. 

Moderate-cost or ex¬ 

ate-cost good diet. 
Do. 



i 

pensive good diet. 

1 



^ 2 adults. 

2 2 adults and 1 or 2 children under 16 years of age. 

^ 2 adults, 1 person 10 years of age or over, and 0 to 3 other persons. 
* 2 adults, 1 child under 16 years of age, and 2 to 5 other persons. 
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The proportion of income now spent for food is low in the United 
States as compared with many other countries. In 1935-36 food 
expenditures in this country took more than 40 percent of all expen¬ 
ditures for family living only among very low-income groups and 
among large families; 26 percent or less was spent for food by the well 
to do. A proper appreciation of the value of nutritionally "adequatf 
diets might lead families to allocate a somewhat larger proportion oi 
their incomes to food. 

The question is often asked whether families, particularly those a1 
low-income levels, woiild spend appreciably more for food if incomef 
were increased, or whether the extra money would go chiefly for aiito- 
mobiles, clothes, or other uses. The income bracket in which a familj 
is found seems to influence the share of an income increase that prob¬ 
ably would be put into food. A j>reliminary analysis of the spending 
ways of families in different classes in 193.5-36 indicates: 

Wlien an extra $100 for living expenses is available to families ir 
the $250-^$500 income class, an average of about $33 extra tends to gc 
for food in the case of farm families and $37 in the case of city and 
village families. 

In the $500-$ 1,000 income class, an extra $100 for family living 
expenses means about $18 extra for footl in the case of farm families 
and $27 in the case of village and city families. 

In the $1,000-$!,500 income class, an extra $100 for living expenses 
means about $9 additional for food in the case of fai-ni families and 
$22 in the case of village and city families. 

Village or city families with $3,000 or more a year for family living 
e.xpenditures probably would average not more than $3 additional for 
food out of an extra $100 for all expenditures for family living. 

Low-income families—especially those with incomes under $750 a 
year—are the ones that need more and better food; they are the ones 
that probably wotdd spend a goodly share of an increase in income for 
food. 

Something like $60 a year extra (at 1936 price levels) w’ould be 
needed to buy the extra protective foods—eggs, milk, butter, fruits, 
and vegetables—needed by poorly fed families of average size to make 
up the difference between present diets and the plan for the economical 
fair diet referred to. These figures are minimal, since it is scarcely to 
be expected that all of the extra money for food would be spent for 
the food grotips named. It may be expected that families living on 
$250 to $750 a year would spend $60 extra for food only if they have 
an increase of at least $150 to $250 for all living expenses. 

It is evident that low-income families need further opportunity and 
greater abflity to produce industrial goods or services if they are to 
have purchasing power sufficient to buy the farm pioducts they need. 
The question here is whether industrial production can be increased 
sufficiently to provide income incres^es of the required magnitude. 

Lowering food prices while maintaining present uicomes could mean 
that the same number of dollars, with their increased purch^ing 
power, would be available for food, and that better diets could be 
nought at each income level. But a reduction in food prices (relative 
to incomes and other prices) does not always result m proportional 
increases in the consumption of food. The purchasmg power thus 
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grained may load to an increase in the consumption, not only of the 
foods ff»r which prices liave changed, but also of clothing, transporta¬ 
tion, education, or other items, according to the family’s standard of 
living. 

Even if all the additional purchasing power were devoted to food,' 
consumption of every kind of food would not increase at the same 
rate. Wlnle a significant decline in the relative prices of certain foods 
has been known to take them out of the luxury class- -for example, 
citrus fruits, once available only to the wealthy, are now common arti¬ 
cles of consumption—this would not be true of every food. Bread 
purchases, for instance, might not increase much in spite of relatively 
low prices. On the other hand, consumption of milk and meat might 
increase faster than prices fell. 

Families at the higher income levels tend to consume considerably 
more fruits, succulent vegetables, eggs, meats, butter, and milk than 
low-income families, but not much more grain products, sugar, fats 
(other than butter), potatoes, and dry mature beans and pens. Hence 
it seems probable that if prices of food were reduced (relatively, of 
course, to incomes and other prices), the consuniption of the latter 
groups of food products would increase comparatively little, and most 
of the released purchasing power devoted to food probably would be 
spent mainly on other food grou])s. 

The question here is whether prices of j^rotective foods can be 
reduced, and how much reduction would be needed to increase the 
consumption of these foods significantly among low-income groups. 

WISE FOOD SELECTION AND DIETARY ADEQUACY 

Apart from deficiencies due to inadequate purchasing power, many 
families fail to secure satisfactoiy diets because they lack information 
about the fundamentals of mitrition. Village and city families face 
the problem of making the best possible use of the money available. 
For farm families, the problem is tied up also with planning home 
production and conservation of food to meet the family’s needs. 
The same sum of money or the same amount of land and work can 
secure diets ver>’ different in nutritive value, depending on the 
combinations of foods selected. 

While the chances for better diets increase with rising per capita 
expenditures for foods, owing chiefly to the purchase of larger quan¬ 
tities of milkj meat, eggs, leafy green vegetables, and fruits, to depend 
solelv upon increased purchasing power to insure dietari’ adequacy 
woufd unduly postpone attaining the goal. Accoi-ding to a 1936 
study, it was only among groups of families spending $6 or more a 
person a week for food to be prepared and served at home that ade¬ 
quate diets were attained by practically every familv. 

A better knowledge of nutritive values in relation to cost, together 
with an intelligent appreciation of the importance of dietary- adequacy 
to well-being, could result in an increased proportion of good diets 
at every food-spending level. 

Many agencies, public and private, are concerned with spreading 
information about food values, nutritional needs, food buvmg, and 
food preparation. Chief among these are the schools and cmleges, 
the Extension Service, club study groups, health centers, and child 
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welfare, public health, and nutrition clinics. Discussion, demon¬ 
strations, illustrated lectures, film strips, special pamphlets, and 
articles in newspajjers and in popular periodicals help to bring the 
matter before the public. 

Wise food choices and the development of skill in food buying and 
preparation can mean diets that are much better nutritionally for 
comparatively little or no increase in average food expenditures. 
Taking advantafje of the fact that food prices are based primarily on 
costs of production and distribution and on the interplay of supply 
and demand rather than on the nutritive values of food, many agen¬ 
cies, including the Bureau of Home Economics, have evolved several 
broad patterns for food budgets suited to different economic levels or 
different types of home food-production programs. (See Planning for 
Good Nutrition, p. —.) Such diet plans, stated in general terms, can 
be adapted to markets in any part of the country or to any of the 
more irnportant land-use areas with their differing programs of food 
[iroduction for home use and still leave considerable room for catering 
to family tastes. 

The motive behind such educational programs has been effectively 
put by McLester in his presidential address to the American Medical 
Association in 193,5 {7S6)\ - 

In the past, science has conferred on tiiose peoples who availed themselves of 
the newer knowledfte of infectious disease.s i)etter liealth and a greater average 
length of life. In the futun* it proiiiiso to those races who will take advantage 
of the newer knowledge of nutrition a larger stature, greater vigor, increased 
longevity, and a higher level of cultural attainment. To a measurable degree, 
man is now master of his own destiny where once he was subject only to the grim 
hand of Fate. 

The (piestion is whether the general public can be persuaded that 
the matter is worth its attention and worth the price. 

THE PROBLEM OF INCOME AND ITS DISTRIBUTION» 


by Marius Farloletti * 


Attaining the goal of adequate nutrition for all persons at all levels 
of income is only a part of the problem of attaining a higher consump¬ 
tion of all goods and services. It may be examined from several 
different viewpoints so far as raising the purchasing power and real 
incomes of at least the lower third of the Nation’s families and single 
individuals is concerned. 

Even if it is assumed that family food expenditures would be made 
on the basis of sound selection of foods at minimum cost, most of 
the low-income families—especially those with incomes under $750 
a year—probably could not afford economical fair diets at a level of 
food prices such as existed in 1930. Almost 32 percent of the families 
and single individuals in the Nation received incomes under $750 in 
193,5-36. Over 27 percent of the Nation’s families—exclusive of 
single individuals— realized incomes under ,$750. This low-income 
group needs additional purchasing power if it is to have a fair chance 
of achieving an economical fair diet. 


> Italic numbers in parentheses refer to Literature Cited, p. 1076. _, 

> All 1035-^ Income distribution data cited have been drawn from Consumer ..icomes In the i nited 

States, of the National Resources Coniiniltee (//<W). iTririnUnrai AiihistmAnt 

< Marius Fariolettl is ARricultural Economist, Consumers Counsel Division, Agricultural Adjustment 

Administration. 


14131)1 *—39-2« 
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THE SIZE OF THE NATIONAL INCOME 


It was stated earlier in this article that families with incomes from 
$250 to $750 would probably spend an additional $60 for food if their 
incomes were increased by $150 to $250, and that this would give 
them a good chance of achieving an economical fair diet. The average 
income of the families in the levels of $250-$750 was about $520 in 
1935-36. The average income of all families under the $750 level 
was about $460. Adding $250 to these two average incomes would 
raise the averages to $770 and $710, respectively. Suppose that 
increasing the purchasing power of all the families and single indivi¬ 
duals receiving less than $750 up to an aA’ci’age of -$750 would increase 
appreciably the ability to purchase economical fair diets, hoAv big 
need the national income be to raise the average purchasing power of 
the families and single individuals receiving less than $750 up to the 
average of $750? 

The amount would depend entirely on Iioav the increase in 
purchasing power was made. Three possibilities will be given as 
examples: 

(1) It is estimated that the 1935-36 national uicome received by 
families and single individuals aggregated $59,259,000,000, and that 
the aggregate family income—us distuict from that of single indivi¬ 
duals—was about 80 percent of this total, or $47,679,000,000. If the 
incomes of the 32 percent of all families and single individuals receiv¬ 
ing less than $750 were raised to an average of $750, and if the pro¬ 
portionate distribution of incomes were maintained as it was in 
1935 36 for the 68 percent of the families and individuals that received 
$750 or over, the national income would need to be increased to about 
$98,000,000,000 (1935-36 values), as compared to the actual national 
income of $59,000,000,000. If a similar calculation is made on the 
basis of the 27 percent of the families who received less than $750 and 
73 percent who received $750 or over, the aggregate income received 
by families—as distinct from single mdividuals—would need be in¬ 
creased to abotit $77,000,000,000, as compared to about $48,000,000,000 
actually received by families. 

These are large figures because if the distribution of incomes were 
not changed, all incomes would have to go up in proportion. Under 
these conditions, the value of the total output (in terms of 1935-36 
dollars) would have to be increased 12 to 13 times the size of the ackli- 
tional purchasing power necessaiy' to bring the low-income families 
and single individuals up to an average of $750. Any such increase, 
it need hardly be said, would have to be a long-run, not an immediate, 
objective. 

(2) Suppose that any increase in the national income could be 
directed solely to increasing the purchasing power of the low-income 
families and single individuals up to an average of $750, leaving other 
incomes unchanged. In this case the necessary increase in the national 
income would be less than .$4,000,000,000 (1935-36 vahies) for families 
and single individuals, or a little more than $2,000,000,000 for the 
families alone. Either of these increases would be more than achiev¬ 
able with the existing capacity to produce. Here the problem would 
be not .so much how to increase the national income as how to direct 
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the additional income specifically to the low-income families and sinfrle 
individuals. 

(3) Suppose that witli a total income of the same size as the 1935-36 
national income, an additional 2 to 4 billions of dollars of purchasinfr 
power could be diverted from the families and single individuals in 
the higher income levels to the families and single individuals in the 
level below $750. In this case an approximation to the goal of ade- 
(piate nutrition would he immediately achievable in the sense that no 
increase in the size of the national income would be necessaiy. 

These three e.xamples have been presented solely for the purpose of 
showing the nature of the problem and limiting the scope of the dis¬ 
cussion. The great range in the estimates, which run from a zero 
increase in the national income to an estimated increase of $39,000,- 
000,000, indicates the difficulty of choosing definite policies because 
several combinations of the various possibilities probably would lead 
to attaining the goal. Other examples could be given. These serve to 
indicate the importance of the distribution of incomes and the factors 
affecting it. 

THE DISTRIBUTION OF INCOMES 


How was the $59,259,000,000 estimated to have been received by 
the Nation’s families and single individuals in 1935-36 distributed 
among them? 

One-half of the families and individuals received incomes under 
$1,070. They got 21 percent of the aggregate income. The other half 
realized incoines of $1,070 or over and p>t 79 percent of the aggrepte 
income. Thirty percent of the families and individuals received 
incomes under $720,® and got about 9 percent of the aggregate income. 
At the top income levels. 30 percent of the families aiul single indi¬ 
viduals received over 62 percent of the aggregate income. The 
middle 40 percent of all families and single individuals received about 
29 percent of the aggregate inc(*me. It is a startling fact that indi¬ 
viduals and families with incomes as low as $1,540 have to be included 
in any reference to the 30 percent in the top income levels.® 

Most of the Nation’s families and single individuals received incomes 
smaller than the average for all families and imlividuals. For example, 
in 1935-36, the average income for all families and single individuals 
was $1,502. However. 69 percent of the Nation’s families and indi¬ 
viduals received ittcomes under $1,500 and got oidy 36 percent of the 
aggregate income. . 

This distribution of income is often called a “maldistnbution. \\ hat 
is a maldistribution? Is it a concentration of wealth? ' Is it a concen¬ 
tration of income? In 1935-36 the highest 10 percent of the income 
recipients received $2,600 and over and got about 36 percent of the 
aggregate income. However, over half of this went to the 2 percent 
of the income recipients receiving $5,800 or over. The lowest 10 


» ;«2 ixTc-ei.t nwivo.! im-omos li.i.l.-r $r.Vl ami u.*l l.>ss tha.i 10 ''f VauSn’s fSrnmes-fts 

•The nsKrcMTiiti' Incomo of fl7,«7«.OIH),(IOO .•slimafcd to have bwii reeeived t>> the Nations families as 

ilistlnct from'imlividuals in 193.V3(( was distributed m aiiout *[«' s^ie l?7Xami^of 

of incomo wore hiithor. One-half of the famlhes received incomes under $1,160 and cot -1 ^reent oi tm 

asriirrotnite faniilv income. The other half roci'ivetl incomes of $1,100 or over and got 

Seven Dercent the families received Incomes smaller than $750 and accounted for ® 

percent of the families recoiv^l incomes of oy oyer and Kot 

ahSiifsO percent. The middle t5 peramt received alwut They 

7 Allyn A. Yoims, Do Statistics of the Concentration of Wealth In the United btate^ Mean wnai xuey 

are Commonly Assuin^ to Mean? ( 1976 ). 
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percent of income recipients were under the $340 level and obtained 
Jess than 2 percent of the aggregate income. The fact that 10 percent 
of the families and single individuals received 36 percent of the 
aggregate income may not appear to be a glaring concentration when 
it IS realized that persons receiving incomes as low as $2,600 have to 
be included, but the inequality does appear to be glaring when the 
physical needs of the lowest 10 percent are considered in relation to 
their incomes of under $340. 

EMPLOYMENT AND THE DISTRIBUTION OF INCOMES 

The long-time problem of achieving a higher consumption level is 
in large part the problem of increasing the productive capacity of the 
Nation’s economic plant in the sense that a full utilization of re¬ 
sources will mean full employment of the Nation’s labor power. It 
includes not only the full utilization of existing physical produc¬ 
tive capacity and the consequent reduction of cyclical unemploy¬ 
ment but also a building up of the Nation’s economic plant in 
order that an adjustment to the problems of long-time unemploy¬ 
ment may be made. It may appear academic to .say that a “correct” 
distribution of national income is one consistent with attaining 
and maintaining full employment of our human resources. Never¬ 
theless, it is a starting point for analyzing the probable direction of 
change if a change in the distribution appears necessary to attain 
the objective. 

It was pointed out that a national income of about $100,000,000,000 
would be needed if all incomes were increased proportionately to raise 
those at the lower levels up to $750 a year. Suppose that this 
$100,000,000,000 national income, in terms of 1935-36 values, were 
achievable within the limits of our physical and human resources 
alotig with our technical knowledge of how to produce goods and 
services efficiently, and suppose that it would mean a substantially 
full employment of labor. Would it still be possible to maintain the 
present distribution of incomes? 

A concentration of a large part of the national income in the hands 
of a very few people, as in the prevailing distribution of incomes, is 
conducive to a relatively liigh ability to save. When the national 
income is increasing, this high ability to save appears to increase, in 
some periods, at a faster rate than do the opportunities for profitably 
coverting the savings into new capital goods. The inability to con¬ 
vert savings into what appear to be profitable forms of production 
takes the savings out of the flow of purchasing power. That is, sav¬ 
ings which result in capital formation (new investment for production) 
provide workers with purchasing power to obtain consumption goods 
and services; savings that lie idle are not distributed to workers. As 
a result, the Nation’s total purchasing power available for consump¬ 
tion does not increase enough to maintain prices that would tend to 
effect a full utilization of the increasing capacity to produce. 

On the other hand, if the prices of consumers’ goods and services 
could be decreased so that they could be bought even with a low level 
of consumer incomes, a high level of output could presumably be 
maintained, and the opportunities for converting savings into profit- 
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able investments would not decrease in spite of the increasing volume 
of savings. 

In other words, when most of the people receive incomes below the 
average, industrial price policies and the large-scale productioji of 
consumption goods and services must be adjusted to the purchasing 
power of low-income families—on the farms and in the cities--if the 
savings at a high level are to be cx>nverted into new capital goods. 
New capital formation is to be expected whenever savings appear to 
be convertible into profitable investments. But these low prices must 
be effected by increased efficiency in production, which in turn has 
been brought about in combination with the new cai)ital formation: 
for low prices do not induce the conversion of savings into new capital 
formation when tlie prices are unsound and are brought about solely 
by economic distress. Wlien consumer purchasiiig power is high 
because of high productivity, the prices of consumers’ goods are 
relatively low. When consiimer purchasing power is low because of 
inefficiency and unemployment, even though prices of consumers’ 
goods are so low as to bankrupt producers, they are nevertheless high 
in relation to purchasing power. Inflexible price policies, such as may 
exist under imperfectly competitive conditions, or the creation of new 
capital goods that cannot effect price reductions (that is. capital goods 
that are not self-liquidating) are inconsistent with the fact that most 
of the people receive incomes below the average, and therefore defeat 
their very purpose- -production for profit. 

Certain national and international growth factors may more than 
offset the difficulty of maintaining an increasingly larger number of 
profitable investment outlets for a high level of savings. These 
factors demand large volumes of new investment continually, and 
therefore tend to favor a distribution of incomes that brings about a 
high level of savings. Some of the major factors that in the past 
provided great op|)ortunities for profitable investment through growth 
luive been: 

(1) The exploitation of new frontier re<ouree>. The physical building up of 
the Xntioti’s al)ility to produce ha> demanded gix'at vt)lmnes i>f savings to under¬ 
take the profitable oj)portunitie' presented. 

(2) New inventions that promised to cut costs of production significantl.v and 
recpiired large aggregations of plant and ecpiipmeid to exploit the techniques 
involved. 

(31 New industries and new ways of satisfying old wants, such as the auto¬ 
mobile. 

(41 An increasing population, and the consequent incre.asing demand for dur¬ 
able consumers’ goods, sueh .as hou.sing. 

(.')) An increasing foreign demand for our savings, capital goods, and con¬ 
sumers’ goods. 

lu the past, various combinations of these growth factors were so 
greatly increasing the deinaml for new capital formation that the 
United States annually borrowed large sun\s from forei^i countries. 
In fact, we wore net borrowers of foreign savings until the World 
War. Our history has been one of spectacular expansioi\, and it may 
be said that we needed a distribution of incomes that effected large 
volumes of savings to facilitate the desired capital formation. During 
this period the distribution of incomes could not be called a maldis¬ 
tribution in the sense that it effected too laige a volume of savings. 
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Nor was it maldistributed in the sense of causing low levels of con¬ 
sumption, for the consumption levels increased significantly along with 
the capital formation. The Nation’s increasing employment and 
national income oscillated up and down, but as long as the factors 
of growth were potent enough the main course was definitely 
upward. 

Today, when the factors of growth have either disappeared or are 
not operating, we must look for alternative ways to increase the 
volume of employment and national income. With a lai^e volume of 
idle savings and idle man power the question is whether we still need 
a distribution of incomes that permits high ability to save. Idle 
savings do not provide the Nation Avith greater ability to produce. 
They do not provide work for the unemployed. Nor do they provide 
low^-income people, with purchasing power to buy the consumption 
goods and services they need to maintain their health and welfare. 

The continued accrual of lai^e sums of idle savings suggests the 
need of a change in the proportions of the distribution of incomes, 
insofar, at least, as it would facilitate the attainment of a higher level 
of employment and a higher level of consumption. If a larger portion 
of the national income w'ere directed to low'-income families and 
individuals who would buy the goods and services that the Nation’s 
farms, factories, and labor stand ready to produce, consumer demand 
would be increased appreciably and the savings of the Nation again 
would find profitable investment opportunities. Such a change would 
force the economy to utilize more completely its existing capacity for 
producing goods and services. As the Nation’s ability to consume 
was increased, its proportionate ability to save would be decreased. 
This would tend to effect a balance between savings and capital forma¬ 
tion, and once again the Nation could work its way up to a higher 
level of employment and consumption. The object of such a change 
would be to eliminate only idle savings, on the theory that idle 
savings like idle men reflect a social unbalance that cannot be allowed 
to continue. 

If it is true that the prevailing distribution of incomes is the source 
of these idle savings, a way must be found to invest them in ventures 
that promise to increase the real income of our people, or else a way 
must be found to redistribute them. That is, finding a way to invest 
idle savings usefully is an alternative to redistributing the income. 
However, if the idle savins are not employed they will be eliminated, 
in the process of economic deterioration, by capital depletion and the 
exigencies of unemployment. 

MORE DURABLE CONSUMERS 

Besides the possibility of increasing all incomes proportionately, 
it was pointed out that the purchasing power of those at the lower 
levels might be raised by directing a small increase in the national 
income to them, or by diverting an equivalent amount to them from 
present higher-income levels. In other words, if the Nation believed 
that adequate diets for all of its people were necessary to protect its 
health and welfare, it would not need to wait for a great mcrease in 
employment and an enormously increased income to achieve this goal. 
Through Government aid it could place otherwise idle savings in the 
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liands of people who would spend them for the necessities of life. 
This would also tend to increase the demand for the products of farm 
and factory and limit deflationary forces.® 

It is a truism that in periods of preat economic disorder, Government 
aid is the only large-scale alternative to destitution for large numbers 
of citizens. The real costs of relief to a nation are the economic, 
social, and political conseciuences of not providing adeciuate relief. 
Adequate relief includes adequate diets. Malnutrition for large 
numbers of citizens means physical and mental depletion of human 
resources. Hungry people do not produce a rich nation. Sick people 
do not produce a rich nation. 

As a Nation we are constantly striving to finance the production of 
durable producers’ goods and the consumption of durable consumers’ 
goods. But how about the durability of the consumers? Adequate 
diets would make consumers more durable citizens and workers. 
How practical is the suggestion that some means of financing adequate 
diets be found? If an adequate diet made the consumer more durable 
and more productive over his life span, would not his greater durability 
decrease national health costs? Would not his greater productivity 
decrease production costs? Would not these decreased costs offset 
the cost of financing adequate diets? What is the value to the Nation 
of a more durable consumer? 

Relief to the needy during periods characterized by various forms of 
capital depletion has the added advantage of limiting the effects of 
deflationary forces. Moreover, if the sums expended were large 
enough, it might be expected that the deflationary forces would be 
completelv offset or even reversed through the cumulative effect of 
additional employment of men and savings. Financing adequate 
diets for low-income families and individuals would materially lessen 
the depressing effects of surplus agricultural foodstuffs. 

ADEQUATE NUTRITION AND AGRICULTURAL SURPLUS 

A strong force contributing to the agricultural surplus problem and 
limiting agricultural ailjustment is the inability of consumei's—on 
farms and in citie.s - to purchase adequate amounts of food at prices 
that tend to maintain the farm family's health and labor efficiency as 
well as the farm plant. About 40 percent of the nonrelief families 
who received incomes below $780 m 1935-80 wore farm families. 
Lowei- farm prices for foodstuffs will not help many of these low- 
income families to attain the goal of adequate nutrition. In fact, 
farm prices that are too low mean li(|uidation not only of the farm 
family’s health and labor efficiency but also of agricultural capital 
including the fertility of the soil, which is the largest part of the 
farmer’s capital. The result is higher food prices in the future. The 
fertility of the soil is not reproilucihle in the same sense as is a manu¬ 
facturing plant or machinery. Maintaining the fertility of the soil. 

■' It may bt* pointed out lliat governmental iKdicles (ie5ignetl to incre^'j*' consumption directly, as distinct 
from those designed to aid producers tiiri'ctly, may be viewed as indirect aids to industry. This is true 
particularly when (Jovernment policy increases consumption significantly, or retards a decrease, at the 
same time that industrial operations are appreciably less than optimum. These policies are not ^artlmg 
innovations in governmental action. Many Oovernment policies, both historical and current, alTect the 
distribution of incomes. That is to say, (lovernment aids directed at both the low r and higher levels of 
Income already exist. The former include such readily rectignizable forms as unemployment reJief, aid to 
depi*ndent cliildren, and a.ssistance to the blind; the latter, direct grants and loans to industries, and protec¬ 
tive tariffs. What Is weighed in the balance is the design of the aid and not its precedent. 
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like maintaining public health aiul labor efficiency, is of paraniojint 

importance to the future. , . 

Though lower farm prices of foodstulis may give some low-income 
consumers an immediate advantage in purchasing bettei diets with 
small incomes, lower prices to consumers for food-distnbution serv¬ 
ices ® and other nonfood goods ami servicer, would be even more 
helpful, provided incomes were not decreased as a consei^ueiice of the 

decreased prices. i- / i 

The dollar cost to the Nation of financing adequate diets for low- 
income families and individuals should be conipaied with the costs of 
ill health, lowered productivity, and lost working time due to nrialnu- 
trition. Wlien surplus foodstuffs e.xist at the same time that inade¬ 
quate diets prevail among low-income groups, another strong justifica¬ 
tion for the public financing of adequate diets is the relief affordetl to 
farmers and the Nation by limiting the deflationary effects of sur¬ 
pluses. However, adequate diets for many low-income families and 
individuals need to be subsidized just as much when there are no 
price-depressing surpluses, for then food jirices are higher while the 
incomes of many people are not. Food subsidies need to be extended 
to undernourished, needy people whether or not surpluses exist, and 
an adequte subsidy program designed to increase the food-purchasing 
power of needy people has advantages over a program that distributes 
.surplus foods directly.'® 

SUBSIDIZING CONSUMPTION OF FOODS 

by F.V. Waugh » 

From one standpoint, the most fundamental approach to the joint 
problem of agricultural surpluses and undernutrition would be to 
combine education and research in nutrition with public policies 
designed to increase the earning power of the low-income groups of 
the population. But it must be admitted that very little seems to be 
known about practical ways to increase the earning power of these 
groups. Though a start has been made by the establishment of min¬ 
imum wages, unemployment insurance, and old-age pensions, it is 
clear that there is a long way to go before poverty and w'ant will be 
abolished. 

MORE EFFICIENT METHODS OF PRODUCTION AND 
MARKETING NEEDED 

Families whose incomes are so low that they cannot now afford 
adequate diets would be benefiteil about equally either by an increase 
in earning power or by a drop in the price of food. In the long nin 
it is possible to have lower prices of food only with the development 
of more efficient methods of production and marketing. 

A large part of the research done by both the Department of Agri¬ 
culture and the State experiment stations has been devoted to a search 
for methods of producing agricultural products at the lowest possible 
cost. This includes research on plant and animal breeding, the use of 

• There have been cases when foodstuffs have involuntarily wasted on farms because low-income con¬ 
sumers could not afford to pay the distribution costs. 

w Eatlne the Surplus—address by Milo Perkins at a meeting of the National Association of Retail Grocers, 
Kansas Citv, June 21 , 1G39. 

F. V. Waugh Is Principal Agricultural Economist, Incharye, Divl.sjon of Marketing and Transportation 
Keseard), Bureau of A^icultura) Economics. 
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fertilizers, crop rotutions, the control of insect pests and diseases, the 
development of efficient farm mnchineiy, and manv other important 
lines of work. 

A smaller but imtiortant part of agricultural research has been 
devoted to the development of efficient methods of marketing. Sub¬ 
stantial improvements in marketing have resulted from this work. 
They include, for example, the adoption of official grades, standards, 
and inspection for certain products; the development of widespread 
and detailed services of crop and livestock statistics and market 
reporting; and the regulation of certain marketing methods and prac¬ 
tices. This research has also been ver>' useful in develo])ing sound 
policies for farmer-owned cooperative associations for buying farnv 
supplies and selling farm products. 

There is room for more progress in the development of efficient 
methods of production on the farm, and only a fair start has been 
made in developing efficient methods of marketing. The latter fiehl 
remains largely unexplored and seems to offer substantial possibilities 
for increased efficiency that would benefit both the farmer and the 
consuming public. 

As indicated in table 2 the American farmer ordinarily gets less 
than half of the money the city consumer spends for food. 

T \Bi.E 2 .—Estimated retail value and equivalent farm value of 58 foods purchased annually 
Ity a typical American workinfiman's family ^ 


Year 

Retail 

value 

! 

Farm value| 

Distrib¬ 

utors’ 

margin 

Farm value 
as percentage 
jof retail value 


/M/Zarx 

Dollars , 

Dollars 

percent 

1913 .... 

252 

131 1 

118 

53 

1023.... .. 

384 

I 173 

211 

45 

1029 ... 

415 

' 195 

220 

47 

1032 . 

270 

88 

182 

33 

I93(i ... . .. 

342 

152 

190 

44 

1037 .-. 

353 

160 

193 

45 

103S . . .- 

321 

130 

191 

40 


‘ Kstimates of annual purrhasps of foods by a typical \%orkinsnian’s family were obtained from the 
('ost of Living Survey made by the V. Ilureaii of Labor Statistic.'^. The ."S foods include meat, dairy and 
poultry products, bekery and cereal products, a number of fresh and canned fruits and vegetables, and sev¬ 
eral miscellaneous items. Retail price data are from the Bureau of Labor Statistics; farm price data are 
mostly estimates the Bureau of .Xericiiltural K«*onomics. 

Table 2 shows, for example, that in 1038 a typical American work¬ 
ingman’s family spent $321 in purchasing the 58 foods included in the 
study. Of this $321 spent by the consumer, the farmer received $130 
and the other $191 went to pay the various charges for transportation, 
processing, and marketing. Not only do these costs represent a high 
proportion of the consumer’s food (iollar; they also tend to be rela¬ 
tively stable, not responding (piickly to changes either in business con¬ 
ditions or in the incomes of consumers and farmers. The relative 
infle.xibility of marketing charges results in extreme variations in 
prices at the farm. For example, in a period of declinuig business 
activity and decreasing employment, retail prices of foods in cities 
tend to drop fairly slowlv, but because the costs of marketing are 
rather fixed this results in a large proportional drop in the prices 
received by farmers. 

Not only the farmer but the public as a whole would benefit dec-id- 
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edly from any substantial increases in the efficiency of marketing or 
from any practical method of bringing about a desirable flexibility in 
marketing charges in order to prevent violent price swings. The very 
fact that marketing costs and charges account for over half of the 
retail value of foods indicates that efficient marketing is necessary if 
foods are to be sold at a price that will encourage better nutrition. 
However, it will not do simply to complain of the high cost of market¬ 
ing and to condemn the present marketing system as inefficient. The 
present system can be called inefficient only when it is possible to 
point out definite, practical ways of improving it so that foods can be 
handled at lower costs. 

The Department of Agriculture is giving increased attention to this 
problem. Results of some of its recent studies indicate several prac¬ 
tical possiblities for reducing marketing costs. Among them are the 
reorganization of market facilities and the better regulation of their 
use; the development and maintenance of low-cost outlets such as 
push-cart markets and farmers’ curb markets; the more effective use 
of methods of mass production and distribution in the marketing of 
farm products; and special drives to increase the volume of foods 
handled and thus to reduce the unit cost of distribution. 

MAKING USE OF SURPLUS FOODS 
FREE DISTRIBUTION 

Perhaps the simplest and most direct method of meeting the farm- 
surplus problem and at the same time combating imdomutrition is 
for the Government to purchase surplus commodities and distribute 
them through relief agencies to destitute and undeniourished families. 
Since 1935 the Federal Surplus Commodities Corporation has been 
cooperating with local welfare agencies on such a program. This 
program has been of definite benefit to both farmers and consumers. 
When surpluses are so big that the market price does not cover har¬ 
vesting and shipping costs, both the farmer and the consumer lose. 
For the farmer such a surplus means practically a total loss of income 
from the crop. For the consumer it usuafly means a complete 
waste of unharvested food that people need and also the danger that 
the disastrously low prices at the farm may discourage production in 
the future and brmg about shortages that will be very harmful. 

. During the past 4 years the Federal Surplus Commodities Corpora¬ 
tion has bought and given to welfare agencies almost 3,000,000,000 
pounds of surplus foods. These products have contributed to the 
nutrition of needy families. In many cases these families have 
learned to use protective foods that they had not previously been 
consuming. The following tabulation mdicates the amounts of 
several foods distributed during the 4 years: 


Meats and fish. 

Million poundi 
0^19 

Grain products_ _ 

Potatoes, sweetpotatoes _ _ 

Other vegetables__ 

Fruits... 

450 

-- 450 

-- 115 

Cheese, dry skim milk, evaporated milk.. 

Butter, lard, other fats_ 

•.- OUu 

. 133 

104 

Sugar, and sugarcane and sorgo sirups 

Eggs.. .■ 

- 26 

.. 14 
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Farm surpluses must not be allowed to go to waste when there are 
thousands of needy families who are not getting enough food. The 
free 'distribution of surpluses to sucli families is one of the simplest 
ways of meeting the situation. There are, however, two difficulties 
from the standpomt of nutrition; (1) The particular foods of which a 
surplus Qxists at any time may not be the foods most needed in the 
diets of relief families; and (2) since this form of free distribution 
must be limited to destitute families, it does not offer a very large 
<Hitlet for surpluses, at least in normal times. 

MAKING SURPLUS FOODS AVAILABLE TO LOW-INCOME FAMILIES 

In addition to the free distribution of surpluses, therefore, the 
Department of Agricultiire is naturally interested in any other prac¬ 
ticable methods of expanding the use of surplus foods by making 
them more readily available to a fairly large group of low-income 
families. 

The Department has been studying in some detail several approaches 
to tliis problem. One of the simplest is the encouragement of special 
low-cost methods of marketing. To a certain extent this might be 
accomplished by research and education of the type familiar in com¬ 
merce and industry, but in other cases it may require some kind of 
subsidy in order to promote low-cost types of markets, the use of 
cheap packages, and the elimination of expensive processing and manu¬ 
facturing methods. Such a program should be effective in moving 
surpluses of certain foods to market and making them available at 
low prices to families who are not able to afford the more expensive 
grades of foods and the expensive services that commonly go \nth 
them. If a program of this kind could be kept fle.xible. it might be 
possible, even in the case of a large surplus, to move a lai’ge part of it 
through the low-cost channels and make it available to low-income 
groups without greatly disturbing the price in the rest of the market. 
The prices of the best grades or the most refined forms of these foods 
might be kept fairly stable so that farm income could be maintained 
at a reasonably satisfactory level so far as it depended on the marketing 
of those grades. 

A somewhat similar plan would be the conversion of surpluses into 
lower-priced products. For example, surplus milk or eggs might be 
dried and made available at comparatively low prices. Surplus meats 
might be ground or manufactured into products that could be sold at 
prices substantially below those of the usual market cuts of meat. In 
a similar way surplus fruits might be made into juices or other foods 
that could be made available at low prices. Such a program would 
move more surplus products into consumption than are being moved 
at present and at the same time wouhl benefit undernourished families. 
The lower-priced products probably would be bought mainly by 
families who could n(»t afford these foods in their usual forms, or who 
coidd afford to use them only in small quantities. Families with 
moderate to high incomes doulitless would continue to buy fresh milk, 
fresh eggs, fresh meats, and fresh fruit. 

Another possibility is the sale of surpluses at special low prices m 
distress areas where there is a large amount of unemployment, where 
wages are verv low, or where, for any other reason, malnutrition may 
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be especially prevalent. Such a program might he earned out m 
fairly larce distress areas. For example, surplus foods might be 
distributed at low prices in a coal-mmmg area, mcludmg parts of 
several States. On the other hand, if it could be properly regulated a 
program of this kind might also be adapted to small areas withm a city. 
In most large cities tliere are definite areas of low mcomes apd under- 
nutrition. It might be possible to work out practical methods of 
distributing surpluses at low prices in such areas, although i^s obvious 
that the problem of administration would be much more difficult than 
in the case of a large area. 

The Stamp Plan 


Methods such as those suggested are well worth considering and 
trying, hut they all approach the problem rather indirectly and per¬ 
haps would not benefit either the farmer or the consumer so much as a 
plan specifically designed to give low-income families a greater pur¬ 
chasing power for foods. Several such plans are being studied in the 
Department. Some of them would give a higher purchasing power for 
all foods and some for a limited number of foods. The stamp plan 
now being tried experimentally in several cities combines both. The 
families digible to take advantage of this plan are those eligible for 
Federal, State, or local relief. Wlmn they buy orange-colored food 
stamps they are given a certain Jiumber of blue stamps usable only for 
purchasing* foods designated as surplus. This plan gives this low- 
income group an increase of purchasing power for foods in general 
of about 50 percent, but in effect it also gives them a special mduco- 
ment to increase their purchases of foods that are particularly abun¬ 
dant. 

It is too early to evaluate in any detail the results of the stamp plan. 
These results should be studied very carefully and objectively. The 
plan is being tried as an experiment in the hope that practicable and 
suitable ways of meeting at least part of the problem outlined in this 
article may he found. There are many other ways that are well worth 
considering. The stamp plan can be greatly modified if experience 
indicates that changes are desirable, or it can be abandoned if some¬ 
thing better can be found to take its place. However, the problem is 
so important, both to agriculture and to the consuming public, that 
any method offering a reasonable possibility of a solution should be 
given an honest trial. 


AGRICULTURAL PROGRAMS AND THE NUTRITIONAL GOAL 

by J. P. Cavin « 

Providing adequate diets for the entire population of the United 
States would in the long run involve more than the education of con¬ 
sumers,^ the provision of special inarket facilities of one kind or another 
to get rid of surpluses, and even increased incomes. It would involve 
certain rather far-reaching adjustments in agricultural production, in 
some cases supplementing, in some cases counteracting, those already 
imder way. 

Agriculture has the task of providing the raw food material for feed- 

'•J. P. CavJn Is Agricultural Economist, Program Planning Division, Agricultural AdjusUiient 
Administration. 
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ing tlic Nation. It already contributes materially toward the ^oal of 
superior nutrition by supplying the market tliroughout the year with 
important foo<ls at reasonable prices. 

The maintenance of adequate supplies of food and fiber is and un¬ 
doubtedly will continue to he a major criterion in establishing the goals 
of agricultural adjustment. No one can challenge the objective of 
providing our present and future population with supplies of food 
sufficient for good health and nutrition. As Viscount Astor and B. S. 
Rowntree said in a recent report on British agriculture {/f/f): 

Tt seems probable, indeed, that the improvement of the standards of nutrition 
will come increasingly to be regarded as an important aim of national policy 
analogous to the improvement of sanitation in the pre-war and of housing stand¬ 
ards in the post-war period. 

When dietary standards are formulated strictly from the point of 
view of nutritional needs, they indicate that there should he consider¬ 
able changes in dietary habits and increased expenditures for food 
on the part of the bulk of our population. Hence such standards 
constitute an ideal or a long-run goal rather than one immediately 
attainable. 

GOALS OF AGRICULTURAL ADJUSTMENT PROGRAMS 

To the extent tliat dietary adec^uacy is introduced as a criterion in 
the establisliment of goals of agricultural adjustment for action pro¬ 
grams, it must be both attainable and consistent with other valid 
objectives. In recent years, these other objectives have been prin¬ 
cipally (1) adjustment to export demand, (2) soil conservation, 
and (3) the economic and social well-being of agricultural producers. 
This interplay of objectives appears in the declaration of policy of 
the Agricultural Adjustment Act of 1938. which states that the act 
was designed, among other things— 

for the purpose of conserving national resources, preventing the wasteful use of 
soil fertility, and of pre>erviug, maintaining, and rebuilding the farm and ranch 
land resources in the national public iiiter€*st: ... to ai^si>t in the marketing 
of agricultural commodities for domestic consumption and for e.xport; and, with 
respect to the commodities specified in the act, for as^i.vting farmers to obtain, 
insofar as practicable, parity prices f<ir such commodities and ])arity of income, 
and assisting consumers to obtain an adequate and steady supply of such commodi¬ 
ties at fair prices. 

In introducing consumption requirements us a determinant of the 
goal of agricultural adjustment, it has been usual to take as a criterion 
some recent average level of consumption adjusted for population 
increase and for trends in the consumption of individual products. 
Thus under the present adjustment act, a normal year’s domestic 
consumption is defined as the annual average quantity consumed in 
the United States “during the 10 marketing years immediately pre¬ 
ceding the marketing year in which such consumption is determined, 
adjusted for current trends in such consumption.” In establishing 
annual marketing quotas under the Sugar Act of 1937. for example, 
the Secretary of Agriculture is required to fi.\ them at such a level 
“that the supply of sugar made available . . . shall not residt in 
average prices to consumers in excess of those necessary to maintain 
the domestic sugar industry as a w'hple,” and shall not be less than 
“the quantity of sugar required to give consumers of sugar in the conti- 




398 


YEARBOOK OF AGRICULTURE, 1939 


nental United States a per capita consumption equal to that of the 
average of the 2-year period 1935-36.” 

The justification for using a statistical average as a norm is to be 
found in the remarkable stability of the average per capita consump¬ 
tion of all food products in the United States since 1920, from which 
year fairly complete data are available. Duripg the 18 years 1920-37 
the average annual per capita consumption of all food products, in 
terms of estimated weight available for^ sale in the retail markets, 
was 1,446 fKJunds. Durmg the boom period 1925-29, when consumer 
income available for living was at a peak, consumption averagjed 
1,476 poimds, or only about 2 percent above the average for the entire 
18-year period. Tliere was no significant decline during the depres¬ 
sion following 1929, as consumption during the period 1930-33 
averaged 1,442 pounds per capita, which was only a fraction of 1 
percent below the average of the entire post-war period. 

This suggests that, given the existing eating habits of the Nation 
(including trends in the consumption of specific foods) and the east¬ 
ing distribution of income, the total demand for food in the United 
States approximates a definite physical requirement that depends 
primarily on the size of the jwpulation. The consumption of specific 
foods, such as su^ar and certain canned products, tends to vary directly 
with consumer income, but this movement is overshadowed by the 
more stable forces in the situation. From the point of view of national 
agricultural policy, this analysis indicates that proposals for establish¬ 
ing, as an integral part of action programs for agriculture, n.ational 
goals substantially m excess of recent actual consumption, must be 
carefully examined with a view to determining whether effective 
means for securing these desired increases can be put into operation. 

In determining acreage and production goals for basic crops under 
the Agricultural Adjustment Act of 1938, the requirements of normal 
exports and normal reserve stocks are added to those of normal 
domestic consumption. Normal exports are 5- or 10-year averages 
adjusted for current trends, while normal stocks vary from 7 percent 
of a normal year’s domestic consumption and experts for com to 
175 percent of a normal year’s domestic consumption plus 65 percent 
of a normal year’s exports for tobacco. 

PRODUCTION REQUIREMENTS UNDER PRESENT STANDARDS 

Before proceeding to the problem of the interrelations of agricul¬ 
tural adjustment pro^ams and programs designed to raise the nutri- 
tionaHevel on a Nation-wide scale, the remits of the application of 
the criteria of average per capita consumption, adjustment to foreign 
deinand, soil conservation, and adequate farm income to the American 
agricultural problem will be briefly surveyed. 

XN_? aI 1 m j 1 1 _ i 1 _ 1 1 




averted about 365 million acres. With normal growing conditions, 
and in the absence of control measures or the diversion of soil-deplet¬ 
ing acreages to soil-conserving uses, a return to this high level might 
easily take place. Assuming average yields and a population of 130 
million persons, 260 to 265 million acres would be required to maintain 
average per capita consumption of food and fiber at the level prevailing 
durii^ the period 1920-29. If 40 to 45 million acres of feed grains 
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and hay for work stock are added to this, and 25 to 30 million acres 
to care for probable export demand, the result is a total harvested 
acreage reqiiirement of 325 to 340 million acres. This is 25 to 40 
million acres below the 1928-32 average. Even if our 1930-34 export 
market of approximately 45 million acres should be regained, which 
seems extremely unlikely, total acreage requirements would still be 
about 15 million acres below the 1928-32 average. Reductions of such 
magnitudes are consistent with the requirements of soil conservation 
and good farm management, which indicate a downward adjustment 
of 20 to 30 million acres, and with the requirements of parity income, 
which indicate a reduction of 30 to 50 million acres, depending pri¬ 
marily on the general price situation in agriculture. 

In summary, the application of these several criteria indicates a 
reduction below the 1928-32 average of 365 million acres lying some¬ 
where between a minimum of 15 to 25 million acres and a maximum 
of 35 to 50 million acres. The reduction appropriate to any given 
year would vary with changes in the relative weights given to the 
several criteria, which in turn woidd be influenced by such factors as 
the supply conditions existing in agriculture and the state of domestic 
and foreign demand. 

PRODUCTION REQUIREMENTS IF DIETARY STANDARDS ARE TO BE RAISED 

The problem of • agricvdtural production will now be reexamined 
with special reference to the need for raising the consumption of food 
in the United States above existing levels or altering appreciably the 
structure of that consumption. This will involve an attempt to give 
approximate answers to three broad questions: (1) To what extent 
does an agricultural output geared to recent average consumption 
requirements a|)proach or fall short of dietary standards established 
primarily from the ])oint of view of nutrition? (2) What would be the 
effect on agricultural output if it were adjusted to provide the quan¬ 
tities of the several foods that nutritional standards would require? 
(3) To what extent is it practicable to introduce into agricultural 
adjustment a goal based on dietary standards conforming to a struc¬ 
ture of consumption differing appreciably from that evidenced by 
actual consumption? 

The over-all dietary standards discussed in this Yearbook have been 
formulated from two standpoints: (If Securing the best nutritional 
values at four levels of cost, and (2') increasing the consumption of 
protective foods over the present average level of consumption in the 
Nation as a whole. The recommendations on the basis of cost give 
rise to four recommended diets, namely, an economical fair diet, a 
low-cost good diet, a moderate-cost good diet, and an expensive good 
diet. The desirable increases have been formulated in three ways 
earlier in this article: (1) Increases required to raise present average 
consumption to the level of existing freelv chosen diets that can be 
rated good nutritionally; (2) increases required to raise present average 
consumption of families consuming less than the quantities specified 
for an economical fair diet up to the level of that diet; and (3) increases 
required to raise present average consumption to the level that would 
be attained if all families selected their diets according to plans 
adapted to their income. 
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It appears that the total acreage required to raise supplies of agri¬ 
cultural products suflSciently to enable the Nation to secure the moder¬ 
ate-cost good diet would be slightly higher than the total acreage 
required to maintain recent actual levels of per capita consumption. 
This diet provides for substantial increases in the consumption of a 
number of foods, including milk, certain fruits, and certain v^etables, 
which would necessitate an expansion in the acreage devoted to the 
production of feed crops and hay, to take care of the increases in milk, 
and in the acreages of fruits and vegetables. With the various adjust¬ 
ments involved, the total acreage required for domestic food consump¬ 
tion would be approximately 285 to 295 million acres, slightly higher 
than the 280 to 285 million acres required for the maintenance of recent 
levels of actual per capita consumption. This acreage is, of course, 
greatly in excess of the requirements of the two lower standards—the 
economical fair diet and the low-cost good diet. 

If the Nation were actually able and willing to expand its consump¬ 
tion of food to conform with the “expensive good diet,” it would prob¬ 
ably be necessary to utilize about 30 to 40 million acres more than are 
needed to cover requirements based on actual recent consumption.*® 
This would not only result in a tremendous improvement in national 
health, but would take us a long way toward a solution of the agri¬ 
cultural problem as a whole. 

Of the dietary changes recommended from the standpoint of increas¬ 
ing the consumption of protective foods, those formulated on the 
assumption that all families select their diets according to plans 
adapted to their incomes appear to be the most prornising. Could such 
selection be secured, the result would be substantial increases above the 
present level of consumption of protective foods. As indicated on 
page 381, consumption of milk might be increased 10 to 20 percent; 
that of butter, 10 to 25; of tomatoes and citrus fruit. 25 to 70; and of 
lea^, green, and yellow vegetables, 100 percent. It is difficult to 
estimate the precise effects of such consumption on acreage. Probably 
impending increases in the acreage of bearing trees will come close to 
providing the needed increase in citrus fruits. Close to a million 
additional acres might be needed for vegetables, including tomatoes. 
The greatest effect on agriculture would come from the desired in¬ 
creases in the consumption of milk and butter; probably 7 to 8 million 
acres more would be required to support the increased numbers of 
dairy cattle. 

THE ROLE OF AGRICULTURE IN ATTAINING THE NUTRITIONAL GOAL 

Granted that substantial increases in consumption along the lines 
indicated by the various dietary standards are possible, there would 
still remain the problems involved in attaining these nutritional goals, 
including the role that agriculture might be expected to play. 1 Actual 
food consumption depends upon the interplay of a considerable 
number of factors, among the more important of which are: (1) Size 
of the total national income and its distribution; (2) eating habits; (3) 
consumers’ knowledge of the economics of food purchasing, including 

I* Ill this oonnection it should bo noted that there is not one structuro of consumption that commends itself 
above all others, but rather a number of attainable structures, each of which embodies merits and defects, 
and each of which may Indicate a somewhat higher or lower total acreage without thereby impl^ng 
greater or less nutritional well-being. 
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knowledge of dietaiy values, opportunities for food purchasing, and 
dietary values relative to costs; (4) prices of food, which are a function 
partly of supply, partlv of consumer buying power, and partly of the 
cost structure, particularly distribution costs. 

The size and the distribution of the national income aie important 
limiting factors to programs designed to increase the consumption of 
any commodity or poup of commodities. Not until there is some i-eal 
solution of the problems of industrial fluctuation and chronic under¬ 
employment of resources will it be possible to launch with confidence 
programs designed to increase the welfare of the total population along 
any particular front. The case for bettering the distribution of income 
rests upon strong grounds, both with respect to the welfare of the 
Nation as a consuming unit and with respect to the operation of an 
economy that probably needs to be geared to a lower rate of capital 
accumulation than has been characteristic of the last century or so. 
But here again the ways and means are nebulous and controversial, 
and important changes in the distribution of incomes in the near future 
cannot be taken for granted in formulating programs if their success 
depends upon such changes. 

Eating habits and consumer knowle<lge of the economics of food 
purchasing are usually considered, and lightly so. as problems best 
attacked by education. There is no doubt that education in these 
spheres needs to be greatly e.xpanded and intensified; but it is hardly 
feasible to ask agriculture to produce supplies of commodities appro¬ 
priate to better nutritional goals unless the persons directing the 
educational programs can furnish evidence that their efforts will 
affect consumer demand in such a manner that the agricultural pro¬ 
ducers will not suffer economic losses from altering then’ structure of 
production. 

The problem of distribution costs in relation to food prices has 
already been discussed, and attention will here be centered on prices 
in relation to supplies of agricidtural products. The question has been 
raised as to whether agriculture can adapt itself to a changing demand, 
involving in particular an increased consumption of the protective 
foods, and also whether agriculture can anticipate the movement on 
the supply side and facilitate it. 

There can hardly be any doubt about the ability of agricidture to 
meet changes in consumption evidenced by e.xpansion ui effective 
demand. As stated in the final report of the mixed committee of the 
Ijeague of Nations on the relation of nutrition to health, agriculture, 
and economic policy {671), “the best proof that agriculture is able 
to adapt itself to the expansion in demand for the protective foods 
lies in the fact that it is already doing so.” The need for profitable 
outlets for agricultural products is so great that a quick response to 
increased demand seems inevitable. 

Through its rapid adoption of cost-lowering techniques, agriculture 
has long neen, and undoubtedly will continue to be, a powerful factor 
in the improvement of dietary habits. Furthermore, agriculture as a 
whole has characteristically turned out a relatively large and stable 
quantity of food producte during both prosperity and depression, 
fm the average this production has been so large in relation to demand 
that agricultural income has suffered, with the result that there has 

1418 » 4 ' —30 - 27 
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been a steady depletion of agriculture’s greatest resource—the soil. 
It is difficult to see how further burdens hr the production of foods 
can be throwir upon agriculture without an assurance of a fair return, 
particularly when the bulk of the recommended consumption is in 
the relatively high-cost foods. To attempt to do so would be to forc.e 
the cost of a general food subsidy on agriculture and further depress 
it in relation to the rest of the economy. Large increases in consump¬ 
tion must come primarily from better consumer knowledge, increased 
national income, better distribution of income, and perhaps some sub¬ 
sidizing by the Nation as a whole of the food consumption in certahi 
underprivileged groups. 

Given desu'able changes in these spheres, there is no doubt of the 
ability of American agriculture to respond with an appropriate output. 




ANIMAL 

NUTRITION 





SOURCES AND CYCLES OF THE 


NUTRITIVE ELEMENTS 


by E.J. Kraus' 


I H t soil, the atmosphere, the plant, and the animal are parts of a great 
cycle of life in which the same materials are used over and over again. 
This article shows how the cycle operates, how plants alone have the 
power to store up the energy needed by animals and man, and how they 
furnish other nutritive elements derived from the soil. The author makes 
a plea for a new. unified approach to the problems of nutrition, arguing 
that much can be done to control the nutritive value as well as the quality 
of plant products by proper cultural methods, beginning with the handling 
of the soil. 


Animals depend upon plants for their existence and both depend 
upon the soil, or rather the nutrients in the soil. People now take 
this for granted, although the recent publicizing of the use of water 
cultures has somewhat confused the issue by making soil seem un¬ 
necessary. The vast quantities of food obtained from rivers, lakes, 
and other bodies of water are ultimately derived from the nutrient 
salts that are present in the water and are constantly being renewed 
or added to from the land areas. These nutrient materials must be 
in solution in the water or in soil moisture before thev enter the plant. 
After entrance they become a part of the vast complex of compounds 
that make up the plant body. They also make up the body of the 
animal that consumes the plant. 

Attempts to determine which of these elements are essential, what 
their relative proportions for any desired type of plant development 
must be, and above all, the means of supplying them and providing 
for their renewal and replacement constitute the major portion of the 
investigative work dealing with plants. As scientific knowledge pro¬ 
gresses, it becomes increasingly obvious that the whole cycle of 
actions and interdependencies of plants and animals must be studied 
simultaneously. These must then be integrated in terms of ^e 
environment in which the plants and animals develop. By this 

■ E. J.Krauuls Chslrman ol the Department of Botany, University of Chicago. 
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method a comprehensive grasp of the biologic problem of agricultiire 
may be gained, and tlie whole interpreted in terms of its social sig¬ 
nificance. 

HOW PLANTS STORE ENERGY 

The vital or living process, whether in plant or animal, always 
inv'olves a greater or lessei* expenflitnre or release of energy. The 
source of this energy used by both plants and animals is food. Food 
occurs in a very great varietj^ of forms and degrees of complexity, 
and technically the term would include many substances not commonly 
recognized as food. But whether foods are relatively simple or 
complex in their chemical make-up, their principal importance in the 
economy of the plant and animal worlds is duo to the energy they 
yield. 

In general, animals possess only the capacity of releasing energy 
from foods, whereas green plants have the capacity not only of re¬ 
leasing energy from foods but also of manufacturing food or accumu¬ 
lating energy in a form utilizable by themselves or animals. This is a 
very important function. The capacity of green plants for manu¬ 
facturing food, that is, accumulating energy as food, places them at 
the forefront in any system of economy dealing with living things. 

Green plants accomplish energy accumulation by decomposing 
carbon dioxide and water, two substances relatively low in energy 
content, and recombining a part of these products, in the presence of 
light, to form sugar, a substance relatively high in energy content 
and of great food value. The release of oxygen into the atmosphere 
during the process of decomposing carbon dioxide and water and 
making food is scarcely less important, for oxygen is essential to 
many animals and plants for the utilization of the energy stored in 
foods. 

Without green plants all the higher animals existing today would 
eventually perish. They are completely dependent upon the foods 
made by green plants or stored in excess of their own needs for growth 
and development. 

In addition to carbon dioxide and water the green plant requires 
for its living processes a fairly wide variety of other chemical elements, 
which are supplied to it from the soil, water, or the atmosphere. 
Without any one of these necessary elements, the plant cannot build 
up foods nor can it continue to live. Even though all these elements 
may be present in any given medium in which a plant may be living, 
there may be a wide variation in the relative quantities. It has been 
found that the character of growth and rate of development of a 
plant varies greatly with the abundance or scarcity of these various 
elements in relation to one other. One of the priiicipal problems of 
the agriculturist is to determine these relationships and balances and 
to correlate the different types, quality, and quantity of plant growth 
with them. 

On the basis of his knowledge of these relationships and balances 
it is possible for the agriculturist so to manipulate or alter the factors 
making up the environment of a plant that within rather wide limits 
he can produce the amount, kind, and quality of plant product he 
desires. The production problems of agriculture, whether in field. 
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forest, garden, or greenhouse, are all of this sort, the chief difference 
being the degree of control of the environment exercised or economi¬ 
cally possible. In a greenhouse, for example, many more environ¬ 
mental conditions are under control than in a forest or on open pasture 
land. What may be considered economical practices under one set 
of conditions would be quite out of the question under another. 

THE WHEEL OF LIFE 

The interrelation of the soil, the atmosphere, the plant, and the 
animal is a cycle in which the same materials are used over and over 
again. The sum total of elements in the world remains relatively fixed, 
but there is a more or less constant movement of them from place to 
place. At any particular location there may be a large accumulation 
at one time or a decided deficit at another. 

The point of greatest concern in the living process is the amount 
of energy available in foods made of these elements. Minerals, 
moisture, and certain elements of the atmosphere, under appropriate 
ccjuditions of light and temperature, find their way to and into the 
living green plant, which splits up many of the old combinations and 
forms new ones. Of these new combinations some represent great 
stores of potential energy capable of being released again by the same 
plant or other plants or animals. This process of food building and 
the storage of the excess not immediately used in life processes by 
either plant or animal could not go on indefinitely for the simple reason 
that eventually the free supply of elements out of which foods are 
built would be exhausted. Such exhaustion does not occur in nature 
because the living process goes through destructive, energy-releasing 
phases or cycles when the elements are again set free. They are 
then once more available to be rebuilt into a living system. 

The common idea that green plants build up foods but do not 
destroy them is erroneous. During periods of darkness and very 
low light intensity plants use up large quantities of food. In fact 
they do this in bright light also, but the quantity is overbalanced 
by the amounts constructed. Such plants as yeasts and molds 
manufacture little or no new food, merely reworking that already 
formed and more or less completely destroying much of it. But they 
are of great value through these destructive processes in rendering 
available the materials out of which new roods may be made. 
Animals do the same thing by consuming the food stored up by plants 
and other animals, building part of it into their own bodies, and de- 
stroving much of it, which is released into the atmosphere or returned 
to tKe soil in simpler combinations. It may then be taken up again 
and built into new plant bodies. 

Thus, a great cycle or wheel of life is established, constructive 
processes balancing the destructive. The basic elements are com¬ 
bined, taken apart, and recombined, the green plant beir^ the prin¬ 
cipal constructive force, nongreen plants and animals the destructive. 
New individuals come into being and pass away again, but thejr are 
all made from the same stock of elemental substanc^, kept in circu¬ 
lation bv the constructive processes of food manufacture and (he 
destructive processes of food utilization, through the medium of 
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ereen plants, nongreen plants, and animals. Sometimes storage in 
excess of utilization has resulted in vast accumulations ot coal, oil, 
and similar materials, which when eventually burned or oxidized 
are also put back into cii’culation in forms that can be utuized by the 

green plant. .,..,11 . t? 

Minor cvcles may be established for individual elements, lior 
example, nitrogen is taken from the air, soil, or water into the plant 
body, where it forms part of a great variety of compounds, some of 
the most complex and important being the proteins. These plant 
proteins, as well as other nitrogen-containing compounds, may sub¬ 
sequently be built into the animal body, eventually to be broken 
down and reworked into simpler compounds and again excreted to 
the soil. Thence the simpler compounds may enter other plants 
directly, or they may be still more completely decomposed and uti¬ 
lized in whole or in part by growing plants. I'here are several types 
of the nitrogen cycle, some of them very complex, others more simple 
and direct. 

Another important cycle is that of carbon. Carbon, in combination 
with ox^^en as carbon dioxide, is universally present in the atmos¬ 
phere. from that source it enters the living leaves of green plants, 
and in the presence of light and in a suitable temperature it is made 
into sugar, a basic food. This sugar may be at once destroyed and 
its contained enei^^ released by the living matter of the plant, or it 
may be compounded, together with_ other substances, into literally 
hundreds of compounds which constitute some portion of the plant 
body or which may be stored in its cells. These varied foriris of food 
may then be consumed by animals and used by them as a source of 
ener^ or be built into the still greater variety of substances which 
constitute the animal body. In anv event these compounds also are 
eventually destroved, and the combinations of carbon, of greater or 
less complexity, find their way back to the soil or directly into the 
atmosphere as the relatively simple carbon dioxide. 

Thus, for eveiy^ one of the more than a dozen chemical elements 
which are required for the grow'th of green plants, a cycle of greater or 
lesser complexity erists. A critical understanding of these cycles, 
the necessaiy provision for the most economical return of the various 
elements to the soil or atmosphere, and their conservation in such a 
place and manner that they can again become a part of any living 
organism desired in human economy, is the basic consideration in 
soil management and in plant and animal husbandry. Around this 
fundamental understanding, in which many elements still remain to 
be determined and classified, practices must be built. These practices 
may be simple and direct or vastly complicated. Their simplification, 
the finding of those practices which are least costly of human effort 
and involve the least loss of the various elements in the c^cle of life, 
contributes directly to human welfare. 

MINERAL CONTENT OF PLANTS 

Many of the vitamins, or at least their precursors—the substances 
from which vitamins are formed—are obtained by domestic animals 
from plants in the same way as other food elements. Most of the 
essential minerals may be obtained from plants, but these may be 
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gotten in other ways also, some of them by direct consumption of 
mineral compounds. lAt the present time, there are few fields in 
which knowledge is making greater advances than in the whole 
problem of mineral metabohsm in both plants and animals. View- 
)oints are constantly being shifted with added evidence. It is clear, 
loweveTj that the chemical composition of plants, with respect to 
>oth their mineral and their organic content, may be greatly modified 
jy the Imd and amount of fertilizer applied to" them, by irrigation, 
>y pruning, and by many other factors. | It is equally certain that 
the value of plants as food for animals varies with their chemical and 
physical make-up.| For example, nutritional diseases result when 
animals are fed on plants grown on certain pasture lands low in 
calcium or phosphorus, lit is readily possible to change markedly 
the food value of plants, either fresh or cured, through methods of 
treating and handling the soil on which the crop is grown./ A ferti¬ 
lized pasture as compared with an unfertihzed one may be very 
different in value as range for livestock, not only because of greater 
yields of the crop but because of better quality. 

' One of the most direct ways in which the composition of crops may 
be more or less regulated by the plant husbandman is through the 
kind, amounts, and time of application of fertilizers he adds to the 
soil. Different species or varieties of plants react in varying ways to 
the several elements which mav be applied to soils, and specific 
practices must be devised for the many different relations of soil, 
moisture, and temperature that exist. The amount of soil nutrients 
and other substances entering the plant may vary greatly, though 
there is a lower limit of concentration below which plants \^1 make 
no growth at all. This variation depends not only upon the amounts 
of nutrients in the soil, but also upon virtually every other cultural 
practice. When any available element is present in the soil in quan¬ 
tities somewhat greater than the amounts directly utihzed by a plant 
for growth, building of tissues, and storage, compounds of the ele¬ 
ment, of greater or less complexity, may still accumulate within the 
plant body. This excess accumulation or what might be called 
luxury consumption of calcium, phosphorus, potassium, nitrogen, and 
many other elements is well known. An excess intake of mineral 
salts is of very great importance not only for its effect on the totel 
quantity of plant tissue utilizable as feed for animals, but also for its 
effect on the quality of the feed. 

Many experiments are being conducted in human and animal 
nutrition to determine the specific conditions in which the various 
mineral elements necessary for growth and development must exist 
within the plant, or what combinations of them naay be added as 
supplements to foods or feeds in order to be most readily or completely 
utihzed by the animal. The evidence seems clear that it is possible, 
throu gh tne medium of the plant alone, to balance the mineral nutri¬ 
ents and organic foods necessary for the full development of the animal 
body. Many soils, however, are so deficient in certwn elements that 
they are not supplied in sufficient quantity to the animal through the 
plants grown on these soils. I The solution of such problems of aninml 
nutrition goes back laigely to the soil, where the deficiency may be 
made up by increasing the supply of nutrients. 
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Conditions within the digestive tract of the animal must also be 
given attention. For example, it is well known that the acid or 
basic reaction of the digestive tract and other factors may affect the 
absorption or elimination of a mineral salt. Thus the composition of 
the feed is not the^ only factor to be considered. This is one reason 
why recommendations for the use of certain species or varieties of 
plant to supply this or that element in the didt are subject to change. 
The fact remains, however, that the value of feeds may be very 
greatly modified by the conditions under which the}' are grown in the 
field. Soil-management practices and the use of fertilizers should be 
given more critical study from this viewpoint. 

WATER IS NOT ENOUGH 

The amount of water available to the crop during the various periods 
of its growth may greatly affect its nutritive value. In general, this 
is due not simply to the amount of water but to a complex relationship 
between water supply and available nutrients. Increasing the amount 
of mineral nutrients if the water supply is deficient, or the water supply 
if minerals are deficient, is ineffective in improving crop yields. 

In general, experimental evidence indicates that there is a greater 
intake of minerals by the plant when the water content of the soil is 
relatively high. In the case of nitrogen the actual amount entering 
the plant is not markedly laiger, but the total amount of growth 
made, especially on a wet-weight basis, is very much greater with an 
increase in the amount of water. That is, when the water content of 
the soil is high and nitrogen is available the plants are very much 
more succulent, but if relatively large quantities of nitrogen are not 
available, the plants cannot be made to grow vigorously or become 
succulent no matter how much water is applied. 

What is true for nitrogen is also largely true for other essential 
nutrients. The lack of any particular one becomes noticeable through 
certain deficiency symptoms which may be fairlv well recognized. 
The fact that water cannot substitute for mineral deficiency should 
be obvious, but it is frequently lost sight of, particularly in sections 
where irrigation is practiced. Certain cultural practices may also 
negate the effect of water supply. These may include excessive 
pruning of fruit crops, excessive cutting or grazing of field crops, 
attacks by fungi and insects, and light and temperature conditions. 

MANAGING THE TOP OF THE PLANT 

In considering the capacity of plants for absorbing and utilizing 
mineral nutrients, it is a mistake to confine attention exclusively to 
the soil. The manipulation of the top or aerial portion is also' im¬ 
portant because it is closely related to food manufacture, or in other 
words, ener^ accumulation. It is probable that mineral nutrients 
are absorbed and accumulated only, or at least mainly, when there is 
a food reserve within the plant to furnish the necessary energy. If 
there is no food reserve, then the plant must be directly exposed to 
light as an energy source. Agricultural practices, therefore, must 
include those that influence the relation of the top of the plant to the 
light as well as those that influence its relations to the moisture and 
nutrients in the soil. Such practices directly affect the green part of 
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the plant where food is manufactured as well as the capacity of the 
various organs for transportation and storage of food. In brief, if the 
roots are to function at their best in absorbing and conducting minerals 
and water for their own development and that of the top, then the 
top of the plant must make food in quantities sufficient to send at 
least a portion to the roots. Tillage, fertilization, and irrigation 
practices can be intelligently performed only when due consideration 
IS given at the same time to the handling of the top. All too often 
practices applied to the soil have been antagonistic to those applied 
to the top, and loss instead of gain has resulted. 

In the production of forest, fimd, orchard and garden crops, it is com¬ 
mon practice to attempt to control the density of stand. In such prac¬ 
tices consideration should be given to the supply of mineral nutrients 
and moisture available in the soil, and also to the amount of light 
and the temperature. In a humid region, for example, these practices 
should be correlated with probable rainfall during any given season, 
the quantity of light received by the crop during the season, and the 
shading effect produced by plants growing close together. Many 
experiments have been conducted to determine the correct density 
of stand for the most economical production of certain crops, but 
frequently the data have been interpreted without sufficient reference 
to records of temperature and sunshine. Recently records of sunshine 
and temperature have been kept and studied in connection with 
fertilizer practices for pineapple and sugarcane particularly, but also 
for other crops. The result has been that fertilizer practices have 
been changed in many instances, with a saving—as high as 60 percent 
in some cases—in the amount of fertilizer applied and a marked im¬ 
provement in the yield and quality of the crop. 

In irrigated sections, where the mineral intake of plants can be 
partly regulated by the amount and time of application of irrigation 
waterj the quantity and quality of the crop may be improved by 
applying fertilizers at intervals instead of all at once, as is often done. 
The quantity and type of fertilizer to be used should be correlated 
with the amount of sunshine and the temperature conditions prevailing 
during the growth period. With perennial plants this method is 
particularly useful. Fertilizers may be supplied to fruit trees at the 
beginning or near the close of the growing season, and the type of 
growth made by the trees and the quality of the fruit produced may be 
carefully regulated. In regions where the amount of seasonal rainfall 
may be depended upon or irrigation water is available, it is often the 
best practice to supply fertilizei's at several tiines during the growing 
season. The plant husbandman can judge with great accuracy the 
type and amount of fertilizer needed by the appearance of the crop or 
the relative state of its maturitv; he can adjust the fertilizer supply 
to produce a crop of any desired size and quality, giving just enough 
fertilizer to be completely utilized in conjunction with the carbohy¬ 
drate and other materials synthesized by the leaves or other green 
portions of the plant. 

FERTILIZERS AND THE CARBOHYDRATE RESERVE 

The horticulturist also influences the capacity of plants to synthesize, 
move, and store carbohydrates by such practices as pruning, spraymg. 
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and in some cases—tobacco, for example—shading. The agronomist 
accomplishes the same end by seasonal cutting, moiying, and pasturage. 

It has been suggested above that nitrogen enters into inanv complex 
compounds within the plant. As in the case of other mineral nutrients 
what happens to the nitrogen taken into the plant is conditioned by 
the available supply of carbohydrates or the opportunity for their 
synthesis. Indeed,' the primary intake of nitrogen, whether as 
ammonia, nitrate, or some other compound, is profoundly influenced 
bv the conditions of temperature and light—particularly light. 
Nitrogen applied to the soil as a fertilizer may prove highly toxic to a 
plant if the carbohydrate content is low. The same concentration of 
nitrogenous fertilizers applied to plants whicli have a carbohydrate 
reserve, or ready opportunity for manufacturing carbohydrates, may 
cause no injury'. In fact, the nitrogen may then enter the plant in 
large quantities and be utilized in conjunction with the carbohydptes 
in the formation of compounds used in general metabolism, tissue 
building, and storage. This has been demonstrated many times in 
the use of fertilizers on pasture lands, lawns, and truck and field crops. 

Nitrogenous fertilizers are sometimes applied to croiis—less fre¬ 
quently now than formerly— with the expectation of increasing 
yields 'when the concentration in the soil is already too high to be 
effective. What is frequently needed is less sliading or less or more 
cutting or pruning; in other words, a decrease of any practice that is 
limiting the capacity of the plants to manufacture, move, or store 
carbohydrates or similar eomjmunds. To an appreciable degree this 
is true for other mineral nutrients as well. The fact that in the 
absence of carbohydrates or carbohydrate synthesis the plant can¬ 
not retain or metabolize such nutrients is frequently overlooked or 
neglected. Because it is so commonly neglected, it is difficult to 
overemphasize this relationship. 

FOUR TYPES OF RELATIONSHIPS 

It is worth while to describe here some of the effects of the interre¬ 
lation of the carbohydrate and nitrogen supplies. This relationship 
has been observed in greater detail with nitrogen than with most of 
the other nutritive elements. 

In many plants it is possible to establish a graded series of perfor¬ 
mances under environmental conditions frequently encountered in 
field or orchard culture. (There arc, of course, ftuctuations attri¬ 
butable to the influence of other environmental factors that in them¬ 
selves profoundly affect plant metabolism, including length of day. 
In some species and varieties, this is of prime importance, counter¬ 
acting nutrient conditions in the soil, temperature, and even specific 
growth promoting or inhibiting substances, such as the auxins, 
hormones, and vitaniins.) The four grades of performance here 
listed are to be considered as rather ^oad and merging into one 
another. It is not possible to set up mathematical ratios of carbo¬ 
hydrates to nitrogen content of the plant or to total mineral supply 
as standards for {^cultural practice. The grades or groups are 
sufficiently well defined, however, to be clearly recognized by plant 
husbandmen, and they are also characterized by differences in food 
value and palatability. 
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TYPE 1—TOO LITTLE CARBOHYDRATE 

In group 1 there is an abundant sup]>ly of nitrogen, but the supply 
of carbohydrates or the opportunity for their synthesis is limited. 
Under such conditions plants tend to he weakly vegetative, growing 
slowly or not at all, or dying if the carbohydrate restriction is very 
severe. They are generally succulent, relatively high in water con¬ 
tent, and often particularly susceptible to attack by fungus and 
bacterial diseases. They decay rapidly after death or when turn eel 
into the soil. Their relative mineral content is frequently low and they 
do not funiish large quantities of energy-supplying food for animals. 
They may be of value as dietaiy* supplements because of their suc¬ 
culence and their content of vitamins or accessorj’ growth factors. 

In practice, plants of this character are to be found growing in 
greater or less dense shade, cither as intercrops or shaded by overtop¬ 
ping vegetation or bv su<“h structures as buildings, rocks, shade cloths, 
and the like. Veiy frequently the same conditions result when crops 
are subjected to excessive removal of leaves by disease or insects or by 
extremely heavy pruning, veiy frequent heavy cutting, or unusually 
heavy grazing. This is one reason why many pastures die out or 
greatly decrease in forage value when very heavily grazed for a period 
of months or years. Sometimes only the more palatable species are 
severely eaten or cut back. Unable to make sufficient carbohydrates 
to supjily the stem, storage organs, or roots, they grow feebly or die 
out and are replaced by the less palatable species, which have not been 
handicapped by so great a reduction in leaf area. This also helps to 
explain why some species will persist for a longer period in regions of 
high light intensity and perish where the light intensity is lower. 

This does not mean that grazing or cutting may not be advan¬ 
tageous under many circumstances. It is undoubtedly true that 
many native grasses will die out more quickly if not grazed at all than 
when subjected to moderate grazing. The old tops, ungrazed, may 
have a shading and smothering effect and also tie »ip some of the 
mineral nutrients, which are more quickly released to the soil under 
grazing conditions. 

TYPE 2-ABUNDANT NITROGEN AND CARBOHYDRATE 

In group 2 there is on the one hand an abundant supply of mineral 
nutrients, moisture, and especially available nitrogen, and on the other, 
an available carbohydrate reserve which can be drawn upon for the 
metabolic processes of the plant, or ample opportunity for synthesis 
of new or additional carbohydrates. Under these circumstances the 
tendency of many plants is to grow vigorously, with lush green 
foliage. Some, including the tomato, the piotatp, and many others, 
will also produce flowers, but they frequently fail to mature fruit or 
at most set a few fruits of poor form, flavor, and quality. At the 
upper limits of this group, where it memes into the one next to it, in 
which carbohydrate accumulation is still greater, blooming and even 
fruit setting may take place, but even here there is generally a vigorous 
condition of vegetativeness. . . i • • • • 

Growth of this type is common on rich alluvial soils high m nitrogen 
and other nutrients, and on soils to which nitrogenous fertilizers 
have been supplied copiously while the plants have been given little 
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or no pruning or only light grazing. The light pruning or grazing 
reduces an excessive supply of carbohydrates or somewhat restricts 
the manufacture of new carbohydrates. . , , 

Plants in this group are large and succulent with a relativelj^ low 
dry weight; at the upper limits, they are slightly smaller, increasingly 
tough, and higher in dry weight. Many leafy or succulent vegetables 
have their greatest commercial value at this plane of nutrition. Soine 
types of pasturage also can be most profitably maintained at this 
level, when they will furnish large quantities of succulent food high in 
nitrogen values. Some forage crops are cut for hay at this stage in 
their development because they are then relatively higher in nitrogen 
content and digestibility than later on, when they are more nearly 
mature and have accumulated greater quantities of crude fiber or 
related carbohydrate derivatives. Succulent plants, however, are 
in general relatively low in some of the carbohydrates and fats, and 
therefore in enei^y value. 

In some localities, where the intensity of light is very high, this 
vegetative condition is not maintained throughout the growing 
season, and in the case of perennial trees and shrubs it is temporary, 
in spite of large quantities of available nitrogen in the soil. This is 
a common experience on the range lands and in the irrigated valleys 
of the West and Southwest. As already stated, environmental 
factors such as day length and temperature may have a greater effect 
on the character of growth than does the supply of nutrients in the 
soil. Plants growing at higher altitudes or in northern latitudes 
respond differently from those at lower elevations or farther south, 
although the mineral supply may be the same. No one factor operates 
in the same manner in all types of environment. The whole environ¬ 
mental complex must always be considered as full 3 ’ as possible. 

TYPE 3—ABUNDANT CARBOHYDRATE 

In the third group, the carbohydrates or, in some species, fats and 
fatlike compounds accumulate in excess compared to the nitrogen 
supply; that is, more carbohydrates are manufactured than are 
built into the more succulent vegetative portions of the plant, and 
the excess is not removed. This particular relationship between 
nitrogenous and carbohydrate or fatty materials is brought about 
under natural or artificial conditions when the available nitrogen in 
the soil is limited or when there is increased opportunity for carbo¬ 
hydrate synthesis or accumulation. 

This group makes less vegetative growth. than group 2. Such 
vegetative structures as are produced are less succulent; their tex¬ 
ture is more firm or tough owing to increased thickness of cell walls 
and lower water-holding capacity of the cell contents. Accompany¬ 
ing these vegetative characteristics there is increased tendency toward 
blooming, fruit setting, and maturing of seeds. This is a very desir¬ 
able condition for many crops grown primarilv for their flowers and 
fruit, and also for many fiber crops. Hay and pasture plants in this 
condition are often relatively lower in soluble organic nitrogenous 
fractions and relativel.v higher in carbohydrates, carbohydrate deriva¬ 
tives, and fats. Their energy value is ^eater than that of plants in 
the second group. At its lower limits, plants in this group are very 
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valuable for feed or food because of the reserves of carbohydrate and 
nitrogenous material they contain. At the upper limits, plants are 
frequently tough, woody, or relatively high in dry-weight substances 
and therefore less desirable as food. 

TYPE 4—TOO LITTLE NITROGEN 

In the fourth group, the supply of nitrogen or other mineral nutrients 
such as potash or phosphorus is a distinctly limiting factor. The 
result is that, unless some other restriction is imposed by the environ¬ 
ment, the carbohydrates or their derivatives come very greatly to 
predominate over the nitrogenous or mineral content of the plant. 
In general the condition is the reverse of that in group 1, though there 
is a superficial resemblance since in both groups vegetative growth is 
very greatly reduced. Frequently almost no growth is made. Be¬ 
cause of this general resemblance the two conditions have frequently 
been confused, and measures intended to correct the one have been 
applied to the other, naturally without success. In addition to slow 
vegetative growth, plants in this fourth group are characterized by 
very stiff, hard, woody stems or leaves. Flower production is some¬ 
times profuse, but when the mineral supply is extremely limited the 
plants fail to bloom as well as to grow. Fruit setting and develop¬ 
ment are greatly decreased, such few fruits as may mature being of 
small size, often of somewhat intense but inferior coloration, and poor 
in quality. Grasses and forage crops grow very sparsely and are 
often yellowish or grayish in color and tough or wiry and woody. If 
tliOT have any feeding value, it is as roughage. 

The obvious means of correcting this condition is to apply water or 
mineral nutrients or both to the soil. If small amounts of these are 
already available, reducing: the top through pruning or decreasing the 
light may bring about a similar response, but less growth is produced 
and valuable food reserves that could be useil for growth and fruiting 
are removed with the cut material. The fact that many types of 
plants in this condition will seiul up a limited quantity of top growth 
when severely pruned, mowed, or grazed, has led to the erroneous 
idea, less commonly held than formerly, that the more the tops of 
plants are cut bacli the more vigorously they will respond in subse¬ 
quent growth. Taken at its face value no statement could be farther 
from the facts. Obviously this inethoil must result in a marked 
decrease in the total amount of growth on a given area of land. 

The conditions prevailing in this fourth group are common over 
large areas, especially in the older agricultural districts, where crops 
have been removed from the land without provision for restoring 
available nitrogen and other nutrients through fertilizers or oiganic 
matter. These elements eventually become so decreased that the 
productive capacity of the soil is greatly reduced. 

This discussion applies to many other mineral nutrients as well as 
nitrogen. Only when a management system establishes a balanced 
relation between all soil constituents and the treatment ^iven the tops 
can it be said to be sound. There is no exception to this even in the 
case of the so-called trace elements that must be present, though 
sometimes in extremely minute quantity, if the growth of plants is to 
be maintained at the highest levels. 
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FIELDS FOR FUTURE RESEARCH 

The full significance of the trace elements has been realized only in 
comparatively recent years. A great deal of investigation is still in 
progress in this field. Unquestionably some elements not now known 
to be essential will be found to be so for certain plants or under certain 
conditions. Much remains to be discovered, too, concerning the 
relation of some organic compounds, such as the vitamins, to the 
rate and character of grow’th on certain soils and in certain environ¬ 
ments. 

It is especially important at the present time to determine not 
only the value of all these elements and comj)ounds in their relation 
to the development of the plant, but also the effect of different 
environmental conditions on the value of plant products as food 
or for industrial uses. Progress has been made in determining the 
effects of the various nutrient elements on the growth and develop¬ 
ment of plants and the role of these elements in animal nutrition. 
It is known that plants vary greatly in their composition according 
to the soil environment, but what the range of tins variation may be 
is far less well understood. Future researches should be concerned 
wdth the value of agricultural products, particularly plant products 
of every kind, from the standpoint of health, disease, and human 
welfare in general. 

It is essential, for instance, to test the value of plants produced 
under different conditions by feeding them to the usual laboratory 
animals and making observations on rate of development and all the 
other factors involved in nutritional w’ell-being. Eventually plants 
of known composition produced in quantities sufficiently large to note 
their effect on selected groups of hunaan beings must be tested. The 
importance from the health standpoint of certain elements, such as 
iron, cobalt, copper, calcium, phosphorus, and iodine, and such com¬ 
pounds as the vitamins and hormones, is much better understood 
than formerly, and additional data are being secured fairly rapidly. 
Previous work has shown the nutritional significance of fats, carbo¬ 
hydrates, and proteins, and of the quality of proteins. Further inves¬ 
tigation should bring out the variations in the value of these food 
materials when they are supplemented with other compounds of 
dietary importance. 

In many studies up to now, a relatively small number of analyses 
has been made to determine specific elements in foods in relation to the 
geographic source of the food. The soil type on which the plant w'as 
grown or the climatic conditions to which it was subjected are gener¬ 
ally not known. There should be a concerted attempt to correlate 
composition of foods with soil type, climatic conditions, and cultural 
practices, including the use of fertilizer. That the same foods 
grown in different localities may show wide variation in content of 
nutritionally important elements is well illustrated in the cases of 
iodine, copper, cobalt, and others. Harmful effects have been demon¬ 
strated in the case of selenium. 

The importance of these trace elements in foods and the need to 
secure them through food plants grown on soils containing them or 
enriched with fertiUzers of which they form a part are now fairly well 
recognized. The effects on animals of deficiencies in phosphorus and 
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cnlciiim in feed produced on deficient soils are well known. 'FIk! 
occurrence of the same difficulties has been reported from many sec¬ 
tions throughout the world, and there is no reason to believe that 
similar conditions of deficiet)cv for other elements are not widesfiread. 
An inventory should be made of the minor or trace elements in various 
soil areas and types to determine where those constituents occur in 
abnormally low, normal, or abnormally high amounts. It is certain 
that it is possible to correct some of the deficiencies and exc.esses. A 
further fundamental study of the physiological effect upon [dants and 
animals of the absence of these minor elements or their |)resence in 
varying amounts, and their influence on the elaboration of vitamins 
and other organic compounds, remains largely still to be made. 

The fact that, in addition to those elements whose presence in food 
is a vital necessity, certain elements used in combating plant pests 
may be taken up from the foliage or the soil by the growing plants or 
found in solution in water supplies, is in urgent need of investigation. 
Such substances may modify the composition of jilants so that they 
become definitely toxic to men or animals consuming them. This 
toxicity has been demonstrated conclusively in the case of fluorine in 
water and of selenium in plants. Other substances just as definitely 
increase the value of the foo<l products to which they arc applied and 
are in no sense toxic. The recent finding that the juice of oranges 
varies greatly in its nitrogen-phosphorus ratio and that this may 
furnish a single convenient figure indicating whether nitrogen or 
phosphorus is the factor limiting yield is of interest. 

In popular literature at least, attempts have been made to show 
that the form in which fertilizer elements are applied, whether organic, 
inorganic, or colloidal, results in verv great differences not only in 
yield of crop, but in the resistance of plants to disease and insect 
|)ests. It is stated that the effects likewise are carried over to men or 
to animals consuming the crops. Great benefits to health are claimed 
under some circumstances. All this should be put to rigorous 
test. These studies should involve an evaluation of the composition, 
reaction, moisture supply, temperature, physical character, and bio¬ 
logy of the soil, and the effects of cultural practices, fertilization, and 
prior vegetation, on the ability of plants to accumulate, utilize, or 
modify soil constituents. The extent to which these differences may 
be passed on in the plants consumed as food is yet to bo fully deter¬ 
mined. It may be quite possible to incorporate optimal quantities 
of essential elements in meat, dairv', and poultry products by way of 
the soil. 

The fact that such factors as lif^ht intensity, length of day, tempera¬ 
ture, and humidity greatly modify and in large part determine the 
character of growth of plants has already been emjihasized. How 
to distinguish these factors, as well as inherent varietal differences in 
plants, from the effects due primarily to soil factors has not yet 
received the attention it rnerits. The scientific literature abounds 
with examples of differences in the chemical comiiosition of plants 
and plant parts resulting from differences in fertilizers, dav lerigth, 
temperature, and perhaps other factors. Only a beginning has been 
made in following up these findings with actual feeding tests to show 
what they mean from a nutritional standpoint. 

;!1>-28 



THE DIGESTIVE PROCESSES IN 


DOMESTIC ANIMALS 


by H. W. Schoening> 


I nt processes by which different food materials from the outride world 
are taken into the animal body and made ready for use are complex and 
wonderful. This article tells the story of digestion in cattle, sheep, pigs, 
horses, dogs, cats, and fowl in as much detail as is possible in a short space. 
It gives a background for the articles that follow on the nutritional 
requirements of animals and feeding practices. 


Nearly all food materials are in too complex and insoluble forms as 
thej arc consumed by either animals or man to be absorbed and 
assimilated. The specific purpose of digestion, therefore, is to convert 
these food substances into simple and soluble materials fit for absorp¬ 
tion and assimilation. All animals except the most primitive types 
are provided with several highly specialized digestive organs. 

The digestive tract may be described as a tube extending from the 
Ups to the anus, constructed with such dilations and constrictions 
throughout its length as to form a number of compartments, each of 
which has a specific function in the digestive process. The contents of 
the tube, that is, the foods taken in, or ingested, by the animal, are 
propelled by wavelike movements known as peristalsis. In addition 
to moving the food along the tract until it is eventually expelled, the 
movements serve to mix the food with the digestive juices, to promote 
absorption of digested material, and to enhance the flow of blood and 
lymph through the intestinal vessels. 

The degree to which this system has been elaborated in the several 
species under consideration suggests the kind and character of food 
usuaUy eaten. The kind of foods habitually used brings each species 
of animal under one of three classifications: Carnivorous (meat- 
eating), herbivorous (plant-eating), or omnivorous (eating both meat 
and plant substances). Of the herbivorous species, the horse, ox, and 
sheep are the most important among domesticated animals; the dog 
and cat exemplify the carnivorous; and the pig and the barnyard fowl 
are representative of the omnivorous type. 


> H. W. 8cho«ning is Chief of the Pathological Division, Bureau of Animal Industry. 
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It is quite obvious that the herbivorous animal needs a different kind 
of digestive apparatus from that of the carnivorous animal, while the 
omnivorous one naturally needs a set of digestive f)rgans adaptable in 
some degree to either type of diet. These differences involve the 
method of acquiring food as well as of preparing it for digestion and 
of actually digesting it. 

If the finding and selection of food are considered as essential pre¬ 
liminaries to the digestive process, it would seem proper to enumerate 
the senses of sight, smell, touch, and, in the case of |)rcdatory animals, 
hearing also as preparatory functions preceding the intake of food. 
The powers of sight and scent are useful to all animals in finding their 
food. In the case of the hoi-se, the sensitive nerve structures of the 
upper lip assist the animal to discern by the sense of touch the presence 
of edible food substances. 

Strictly speaking, however, the digestive process begins with th(‘ 
prehension, or taking up of food; continues with its mastication 
(chewing), insalivation (mixing with the salivary secretions), degluti¬ 
tion (swallowing), and the digestion, absorption, and assimilation of 
those food elements that are of nutritive value; and terminates with 
defecation, or the excretion of the remaining ingested matter not 
capable of being absorbed or utilized as nourishment. To perform 
these functions, the digestive tract of the animal is equipped with 
mouth, teeth, tongue, pharynx, esophagus, stomach, intestine, ancl 
anus. Even among the various common domestic species, differences 
exist in certain portions of the digestive tract to accommodate the 
special requirements of the species. 

TAKING OF FOOD 

Prehension, or the taking up of food, is accomplished inmost animals 
by means of the lips, teeth, and tongue. In the horse, prehension is 
performed by the strong and lle.xible upper lip and incisor teeth (fig. 
1). Wlien grazing, this animal emjiloys lips and incisor teeth, cutting 
or tearing the vegetation seized by jerking movements of the head or 
neck. The ox is not endowed with such mobile lips or w'ith upper 
incisor teeth (fig. 2). Instead it uses its long, muscular tongue to pull 
the grass or hay into its mouth, cutting it off between the lower inci¬ 
sors and the upper gum bv an upward movement of the head and neck. 
The sheep seizes its food In much the same manner, hut it makes use of 
its mobile lips rather than its tongue in gathering food into the mouth. 
The native habit of the pig of burrowing or rooting to find its food 
has survived the domestication of this species. Prehension, however, 
is accomplished by the movements of the pointed low'er lip and is 
assisted by the teeth and tongue (fig. 3). In the dog (fig. 4) and the 
cat, the food is seized by the incisor and canine teeth and brought into 
the mouth by jerking movements of the head and jaws. The organ 
of prehension in fowls is the heak. The fowl picks up its food in its 
toothless heak and passes it to the base of the tongue preparatory to 
swallowing. • . i • 

Drinking is accomplished by the horse, ox, sheep, and pig by suclong 
the fluid into the mouth by tlie aid of the tongue and pharynx. The 
lips form a small opening which is dipped beneath the surface of the 
water, and the tongue moving back and forth like a piston in a cylinder 
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creates a negative pressure in the mouth which causes water to pass 
into the mouth with the backward thrust of the tongue and to be 
swallowed with the forward thrust. The pharynx serves as a valve 
in this pumping process. The dog and the cat take up liquids by 
lapping with the tongue. In the fowl, drinking consists merely of 



Figure —The mature horse has (> incisors hi upper anti loner jan and 6 molars on 
each side, upper and lower. The male horse has 2 canines in upper and lower jaw. 
The mare has no canines. Total for horse, 40 teeth; total for mare, 36 teeth. (After 
F. Smith, A Manual of Veterinary Physiology.) Capacity of stomach, 4.75 gallons; 
of small intestine, 16.86 gallons; of cecum, S.Sgallons; of large intestine, 25.36 gallons. 
The small intestine is al^ut 73.6 feet long. Tne cecum is ^ inches long. The large 
intestine is approximately 21.22 feet long. (Intestinal proportions after H. H. Dukes, 
The Physiology of Domestic Animals.) 



Figure 2 .—The ox has 8 incisors in the lower jaw and no upper incisors. This species 
has 6 molars on each side in the lower and upper jaws. It has no canines. Total, 32 
teeth. (Smith.) Capacity of stomach, 66.71 gallons; of small intestine, 17.43 gallons; 
of cecum, 2.6 gallons; of large intestine, 7.4 gallons. Length of small intestine, 150.88 
feet; of cecum, 2.89 feet; of large intestine, 33.3 feet. (Dukes.) 
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scooping up the fluid into the lower beak and then elevating the head 
to permit it to flow by gravitation into the crop or stomach. The 
pigeon’s method of drinking, however, more nearly resembles that of 
the horse or ox than that ot other birds. This bird thrusts its beak 
deep into the water and bj^ a very rapid movement of the tongue 
sucks in the liquid. 



Figure 3 .—The pig has 6 incisors, iif^er and lower; 2 canines, upper and lower; 7 
molars on each side, upper and lower. Total, 4i teeth. (Smith.) Capacity of stomach, 
2.11 gallons; of small intestine. 2.43 gallons; of c€K*um, U.31 gallon: of large intestine, 
2.3 gallons. length of small intestine, 60 feet: of cecum, 9.05 inches; of large intestine, 

16.1 feet. (Dukes.) 



Figure 4 ,—The dog has 6 incisors, upper and lower; 2 canines, upper and lower: 6 molars 
in each side of the upper jaw, 7 molars in each side of the lower jaw. Total, 42 teeth. 
(Smith.) Capacity of stomach, 1.14 gallons: of small intestine, 1.7 ouarts; of cwum 
1.5 fluid ounces; ot large intestine, 15.36 fluid ounces. Length of small ^testine, 13^ ^ 
feet; of cecum, 3.12 inches; of large intestine, 1.97 feet. (Duke .) (The figures fw 
size and capacity of the internal organs are average; they would of course vary with 

the Mze of the animal.) 





422 


YEARBOOK OF AGRICULTURE, 1939 

CHEWING 

After the prehension of food, the next step, except of course in the 
toothless fowl, is mastication. Mastication, or cheydng, of food is 
accomplished by means of grinding teeth so situated in the upper and 
lower jaws that they can be employed to crush and divide the food 
substance preparatory to swallowing. The mechanism of mastica¬ 
tion involves the use of the two jaws, the tongue, and the cheeks. 
The upper jaw is a rigid portion of the head, while the lower jaw is 
hinged to the skull so that it can be moved in a vertical and to some 
extent in a lateral or diagonal plane against the upper jaw. These 
mov’ements are brought about by the muscles of the jaws.^ There is 
a pronounced sidewise or lateral movement of the lower jaw in the 
ruminants (ox and sheep), slightly less in the horse, and still less in 
the omnivorous pig. In the carnivores (dog and cat), there is very 
little lateral movement. 

Striking differences e.xist in the chewing structures of the various 
species, particularly as to the kind of teeth and their functions. Some 
animals have three kinds of teeth and others two kinds. The front 
or incisor teeth, which occur in all mammals, are used for detaching or 
cutting the food into suitable proportions for chewing. These teeth 
are in both the upper and lower jaws except in ruminants, in which 
the upper incisors are lacking. Ruminants, however, have a tough 
upper gum known as a dental pad, against which the lower incisors 
compress the forage in cutting or teanng it off. The canine teeth or 
tusks function both for seizing food and for combative purposes. 

The masticatory teeth, or molars, which are common to all species, 
are located laterally in both upper and lower jaws. Food material 
brought between the opposing rows of teeth by the movements of the 
cheeks and tongue are comminuted, or reduced to fine particles, by 
the crushing or grinding movements of upper and lower molars as they 
are brought together during the chewnng process. In the horse, ox, 
and sheep, the grinding surface of the molars slopes sidewise, those of 
the upper jaw presenting an acute angle on the outer side and those of 
the lower jaw being pointed on the inner side. In the pig, dog, and 
cat, the grinding surface is more nearly at right angles to the long 
axis of the tooth. 

Mastication in the horse, pig, dog, and cat is a single process pre- 

E aratory to swallowing. The dog and cat chew very little, usually 
olting their food in relatively large pieces. 

In the ruminants, represented by tne ox and sheep, this process is 
divided into two phases: (1) Preliminary or incomplete mastication 
when the food is first taken, and (2) complete mastication, which is 
postponed for more leisurely performance. The ruminant is unique 
among animals in being equipped with a partitioned stomach consisting 
of four compartments (fig. 2). These are known as the rumen, paunch, 
or first stomach; the reticulum, honeycomb, or second stomach; the 
omasum, manyplies, or third stomach; and the abomasum or rennet, 
the true or fourth stomach. The food material, which is usually of a 
coarse nature, after being partly chewed enters the paunch or rumen, 
from which it is later regui^tated or returned to the mouth and re¬ 
chewed in individual boluses during repose. This process of rechewing 
is known as rumination. Each bmus of food brought up for rumina- 
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tion is chewed for somewhat less than a minute. Grains form a part 
of the bolus only to the limited extent that they are accidentally 
caught in the roughage. Consequently, all uncirewed grain passes' 
through the animal and appears in the feces in an intact condition. 
In cattle a certain quantity of whole grain is not crushed during 
eating and rumination, and on this account grain is commonly ground 
for cattle. This is rarely done for sheep, which chew most grains 
very thoroughly. In ruminants the mucous membrane lining the 
cavity of the mouth is thicker than that of the horse and is hirnished 
with many horny protuberances, known as papillae, which facilitate 
the manipulation of food during mastication. 

The exceptionally mobile tongue of the ox has a groove across the 
ujiper surface a few inches back of its tip. This groo\'e is frequently 
the seat of injury caused by sharp spines, awns, etc., in forage eaten 
by cattle. The injuiy is not a simple wound, and in most cases it 
results in the formation of a chronic ulcer with slight tendency to heal. 
Although many types of the common wound-infection micro-organ¬ 
isms are found in the lesion, actinobacilli and actinomyces fungi are 
most often encountered and certainly cause the most damage. The 
latter organisms are responsible for the so-called “wooden tongue” 
of cattle. Because of this peculiar anatomy of the cow’s tongue with 
its susceptibility to injury, care should be exercised to exclude from the 
feed as much as possible all sharp, spiny substances. 

THE SALIVARY SECRETION AND SWALLOWING 

Mastication and the presence of food in the mouth cavity stimulate 
the secretion of saliva in the mouth in all mammals. In man the prin¬ 
cipal constituent of this secretion is a substance known as ptyalin, or 
salivary’’ amylase, which functions in the digestion of starchy sub¬ 
stances, but of tlie domestic animals only the pig possesses enough 
jityalin in its saliva to be of imiiortance in digestion. The salivary 
secretion in most domestic animals serves mainly to lubricate the food 
for swallowing. In ruminants the presence of saliva in the paunch 
assists in the regurgitation of jiartially masticated food for rechewing. 
In digestion by ptyalin or salivary amylase, the starch is first changed 
to soluble starch and finally ti> maltose. 

Deglutition is the act of swallowing the food that has been taken 
into the mouth. It is accomplished bv a series of muscular movements 
involving principally forcing the food to the rear of the mouth cavity 
by elevation of the fore part of the tongue and depression of the root 
of the tongue, followed by the dilatation of the pharynx. The bolus 
then passes through the pharynx ancl esophagus into the stomach. 
The initial phase of the act of deglutition, that relating to its passage 
into the esophagus, is entirely a voluntary' process, but the comple¬ 
tion of the act is involuntary. 

The quantity of food material that can be swallowed at one time 
is comparativ'ely small in the horse on account of the narrow lumen, or 
space between the walls of the pharynx and the esophagus. A much 
larger bolus can be swallowed by the ox, whose deglutitive organs are 
of more ample proportions. Neverthele^, ruminants frequently 
choke on apples, beets, turnips, and other pieces of food that have not 
been cliopped fine enough for ready swallowuig with little chewing. 
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There is no special or unusual factor involved in the swallowing process 

on the part of the pig, dog, cat, or fowl. 

Fluids are swallowed in much the same way as solids, except that 
they are j^assed into the esophagus and stomach with extreme taciUty 
and rapidity as compared with solid boluses. 

DIGESTION 


In general the processes of gastric digestion are similar for all domes¬ 
tic animals. In the horse, pig, dog, and oat, the food material passes 
into the stomach as soon as it is swallowed and is there brought into 
immediate contact with the digestive fluids of the stomach—principally 
pepsin and hydrochloric acid. The fluids are mixed with the food by 
churning movements of the organ. 

The action of bacteria upon food taken into the stomach of the horse, 
pig, or dog is short-lived owing to the rapid production of hydrochloric 
acid there. In the ox and other ruminants, however, considerable 
bacterial action is exerted upon the enormous amount of material 
taken into the capacious rumen prior to its regurgitation, reraastica- 
tion, and digestion. This bacterial action is favored by the slightly 
alkaline reaction of that portion of the stomach and its freedom from 
gastric secretions, as well as by the prolonged sojourn of food matter 
therein. The changes brought about by bacteria inhabiting the 
alimentary tract include the breaking up of cellulose and fate, the pro¬ 
duction of organic acids such as acetic, butyric, and lactic, and the 
splitting of the carbohydrates known as polysaccharides. The gases, 
methane, carbon dioxide, hydrogen, etc., are formed during bacterial 
action in the rumen, but they are of no value to the animal •and are 
excreted as waste. 

The first three stomaclis of the ruinhiant are essentially for the pur¬ 
pose of storing and grinding the food material, true digestion taking 
place largely in the fourth stomach (the abomasum), and finally in the 
intestine. 

The stomach of the horse is comparatively small. According to 
Dukes {285) ^— 


it has been estimated that a horse may swallow during a given meal two or three 
times the amount of material (food and saliva) remaining in the stomach at the 
close of the meal. The excess, together with the food remaining from the previous 
meal, must pass on into the intestine during the meal, the first food con.suined 
being in general the first to pass out. This consideration means that a good deal 
of the food cannot remain long in the stomach and raises the question of the 
importance of stomach digestion in the horse. 

The true stomach of the ox or sheep is also comparatively small and 
receives food gradually in a well-macerated or ground-up condition 
from the first three stomachs. The stomach of the pig, dog, or cat is 
sufficient in size to contain all the food that may be consumed at a 
meal, and food may be retained in the stomach for a considerable time. 
In all mammals the food is mixed and softened in the stomach by 
muscular movements, assisted hy the action of the gastric juice. The 
softer portions of the food material thus prepared are then passed into 
the intestine, but food not ready for intestinal digestion is not allowed 
to pass from the stomach, with the exception of whole grain in cattle. 


J Italic DUTnbers in parentheses refer to Literature Cited, p. i076. 
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Fowl, havinff no teeth, must swallow their food whole or at best orilv 
coarselv broken by the beak at prehension. Such rnatSal passes 
througli the pharynx and esopliufrns into the crop (fig. o), which in most 
avian species is nothing more than a dilated portion of the esophagus 
The purpose of the crop of tlie fowl, like that of the rumen of the ox 
and sheep, is largely hulk storage of food. This material then passes 
by slower stages into the proventriculus, or glandular stomach, a 
specialized pstric organ of small capacity whose wall is fumisherl with 
secretory glands supplying pepsin and hydrochloric acid. The food 
material after coming into contact with these digestive fluids continues 
on its way into the gizzard, or muscular stomach. That organ is lined 
with a tough mernbrane and is so constituted that it retains a certain 
jiortion of the grit normally swallowed by the fowl. The food sub¬ 
stance is somewhat softened by the time it reaches the gizzard, where 
it is subjected to crushing contractile movements stimulated by the 
presence of food. The food substance is reduced to a very fine con¬ 
sistency by the rubbing together of the grit and the tough, corrugated 
lining of the organ. This process corresponds to mastication. 
Strictly speaking, there is no true gastric digestion in the fowl, such 
as is common to mammals. The food material after being finely 
divided in the gizzard is passed on into the first portion of the small 
intestine, where it is more thoroughly mixed with and digested by the 
juices derived from the proventriculus as well as the other digestive 
enzymes emptying inh» the intestine. 

The alimentary tract of the chicken is for the most jiart representa¬ 
tive of those of the majority of species of domesticated fowl, but there 
arc some minor differences. 

The pigeon is pecidiar in not possessing a gall bladder, and in having 
ceca that are small and poorly developed as compared with those of 
the duck and chicken. Neither the duck nor the pigeon possesses a 
true crop comparable to that of the chicken, but in these species there 
is a specialized enlargement of tlie esophagus w liich serves the purposes 
of the crop. The small intestine of the pigeon is shorter in proportion 
to the size of the bird than that of the duck or the chicken. 

The pigeon is also peculiar in being specially equipped to nourish 
its young by regurgitating into the mouth of the squab a milklike 
substance secreted in the “crop.'’ The mechanism by which this sub¬ 
stance is secreted is as follows: Beginning about the eighth day of 
incubation of the ejj^, the cells of the mucous membrane of the crop 
in both the female and the male birds increase in size and number. 
These cells, which contain consulerable quantities of fat, secrete fat 
globules into the crop during the coui’se of incubation in much the 
same manner as the cells of the mammary glands of mammals act in 
tlie secretion of milk. There is also a constant shedding of these 
cells, which then form a part of the milklike substance. At the time 
of hatching of the eggs, an abundance of “pigeon milk" is readv for 
feeding the squabs. The secretion of the milk continues until about 
the twentieth day after hatching. . j » 

The following composition has been determined for this curious 
lacteal secretion: Drv matter, 14 to 25 percent; fat, 2.') to 29 percent; 
protein, 13 to 14.5 percent; calcium, potassium, magnesium, and phos¬ 
phorus (in the ash); no sugar; enzymes; amylase; and saccharase. 
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Figure 5.—The digestive tract of the fowl (after B. F. Kaupp, The Anatomy of ihe 
Domestic Fowl). Capacity of gizzard, 0.089 pound, Lengtn of proventriculus, 1.62 
inches; diameter of glandular stomach (proventriculus), 0.8 inch. Length of small 
intestine, 61.7 inches; of ceca, 7.6 inches each; of large intestine, 4.6 inches. 
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The striking features of pigeon milk are its high fat and protein con¬ 
tent and the absence of sugar. In this respect it resembles the milk 
of the rabbit. Young rabbits stand out as liaving the most rapid 
rate of growth among mammals, and the pigeon holds the record 
amon^ birds for rapklity of growth during the first 20 days after 
hatching. The squab doubles its weight within 48 hours after hatch¬ 
ing, while the duck requires 6 days and the cliicken 9 days. In 20 
days from hatching, a squab lias sliow'n an increase in weight from 20 
to 435 grams. 

There is evidence that a hormone, prolactin, an internal secretion 
of the anterior pituitary gland located at the base of the brain, is the 
inciting agent of pigeon milk. Injection of prolactin into pigeons 
produces the effect described in the membrane lining of the crop. 
Moreover, the injection of this substance into castrated male pigeons 
G months after castration engendered a secretion in the crop. 

Sometimes the death of the squabs and the consequent failure to 
use the secreted material results in a congestion of tlie crops of the 
[larent pigeons. Such a condition is best overcome b>' furnishing 
another squab for the pair to nurse. 

In the horse, ox, sheep, and pig, well-ground and softened food in 
the stomach undergoes gastric digestion through the action of the 
pepsin and hydrochloric acid of the gastric juice. In the dog and cat, 
in which mastication has been eliminated to a lai^e extent, the food 
in the stomach is subjected to the same process as in the other animals 
but for a longer period. 

Digestion by the gastric juice is essentially the same in all animals 
(fig. 6). The pepsin of the gastric juice in the presence of hydro¬ 
chloric acid acts upon proteins of either animal or vegetable origin 
and converts native [irotein into the simpler products, proteoses and 
peptone. The latter substances are not yet ready for absorption but 
require further conversion into amino acids. This step in protein 
digestion remains to be completed in the intestine. 

Another digestive enzyme sometimes known as rennin is present in 
the gastric juice of young mammals. This enzyme coagulates milk 
so that the casein is prevented from too rapid passage through the 
stomach and the pepsin is enabled to convert it into proteoses and 
peptone. In all species, following gastric digestion the semiliquid 
substance is passed into the small intestine; at this point it is known 
as chyme. Digestion by pepsin occurs largely in the stomach, but it 
is continued to some extent in the first part of the small intestine. 

In the intestines the chyme umler^oes further digestion by the 
action of pancreatic juice, intestinal juice, and bile. The pancreatic 
juice contains three important enzymes—trypsin, steapsin, and amyl- 
ojjsin. To a limited extent trypsin, like pepsin, converts native pro¬ 
tein into proteoses and peptone. Principally, however, it continues 
the digestion of protein wliere the pepsin leaves off, that is, breaks 
the proteoses and peptones into the amino acids, which can be ab¬ 
sorbed. The steapsin breaks down or hydrolyzes fats into fatty 
acids and glycerol, in which forms they are roaffv for absorption. 
Some of the fatty acids resulting from steapsin digestion combme 
with the available alkali in the intestinal juice to form soaps which 
assist in emulsifying any remaining undigested fat. The amylopsin 
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FOOD 

ENZYME 

inii 

STEPS IN THE BREAK-DOWN 

STARCH 

PTYALIN OR SALIVARY 

amylase' 

SALIVARY 

STARCH 

SOLUBLE^ STARCH 

ERYTHRODEXTRIN MALTOSE 

1-* .. 1 

ACHROODEXTRIN MALTOSE 

1 

MALTOSE 

STARCH 


PANCREAS 

SAME AS FOR PTYALIN 

MALTOSE 

MALTASE 

INTESTINE 

MALTOSE 

1 

GLUCOSE 

SUCROSE 

SUCRASE 

INTESTINE 

SUCROSE 

GLUCOSE FRUCTOSE 

LACTOSE 

LACTASE 

INTESTINE 

LACTOSE 

GALACTOSE GLUCOSE 

PROTEIN 

PEPSIN 

(+HYDROCHLORIC 
ACID) 

STOMACH 

PROTEIN 

ACID-MEjTA-PROTEIN 

PROTEOSE 

1 

PEPTONE 

PROTEIN 

(MILK) 

RENNIN 

STOMACH 

CASEIN 

1 

PARACASEIN 

(tCALCIUM) 

1 

MILK CLOT 

PROTEIN 

TRYPSIN 

PANCREAS 

PROTEIN 
! 1 

PROTEOSE 

1 

PEPTONE-AMINO ACIDS 

PROTEIN 

ENTEROKINASE 

INTESTINE 

ACTIVATES TRYPSIN 

PROTEIN 

EREPSIN 

INTESTINE 

PEPTONES AND PEPTIDE 

1 

AMINO ACIDS 

NUCLEOPROTEINS 

NUCLEINASE 

INTESTINE 

DIPEPTIDS 

1 

AMINO ACIDS 

FATS AND LIPIDS 

lipase ^ 

(STEAPSIN) 

PANCREAS 

FAT 

1 

FATTY ACIDS AND GLYCEROL 

FATS AND LIPIDS 

LIPASE 

INTESTINE 

SAME AS PANCREATIC UPASE 


ONLY THE PIG, 006, AND CAT HAVE THE SALIVARY AMYLASE. 

2 

THE PANCREATIC LIPASE IS MOST IMPORTANT, THE GASTRIC LIPASE BEING 
OF LITTLE PHYSIOLOGICAL IMPORTANCE. 


tigure 6 .—The break-down of various food elements in the digestive system and the 

enzymes involved. 
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converts or hydrolyzes starch and the dextrines into maltose. Mal¬ 
tose requires further hreakirifr up by other <lijfestive juice before it is 
ready for absorption. 

The intestinal juice contains a number of difrestive enzymes, for 
example, enterokinase, crepsin, maltase, sucrase, lactase, lipase, 
amylase, and nucleinase. Enterokinase is larpcely concerned in tlie 
activation of the enzyme trypsin of the pancreatic juice. Ere[)sin. 
which is a proteolytic enzyme that is. one that lias the power to 
break down proteins into simpler diffusible substances—converts 
peptones and pe.ptids into amino acids. Maltase converts the maltose 
resulting from the action of amylopsin on starch into glucose, in 
which form it can be absorbed. Sucrase breaks down or hydrolyzes 
sucrose into glucose and fructose, in which forms they are assimilated. 
Eactase, which is present only in young mammals ingesting milk, 
converts lactose (milk sugar) into glucose and galactose. This 
enzyme is lacking in mature animals that do not consume milk as 
footl. However, it is reported that lactase can be made to recur in 
adult animals fed milk or lactose. Lipase is the same as steapsin and 
converts fats into fatty acids and glycerol. Amylase hydrolyzes 
starch. Nucleinase converts micleoproteins into protein and nucleic 
acid. 

Bile is a highly complex fluid formed in the liver. It is not an 
(‘iizyme hut plays an important role in the digestion of fats. The 
flow of hile into the intestinal tract is more or less continuous, but it 
increases after the entrance of food into the stomach. Its quantity 
is governed hy the amount and character of the food received. The 
elaboration and storage of bile in the liver and its release into the 
intestinal tract are not the otdy or the most unportant duties of the 
liver, but the other functions of that organ have no place in this dis¬ 
cussion. The principal constituents of bile are bile j)igmeuts. bile 
salts, and cholesterol. The bile salts only are concerned in the di¬ 
gestive process. They aid digestion bv activating the pancreatic 
lipase, enhancing the action of pancreatic amylase, emulsifying fats, 
and increasing the solubility of fatty acids and their soaps so that they 
may be reaily for absorption. Bile also is necessarv for the absorption 
of the fat-soluble vitamins. Bile being a reservoir of alkali helps to 
maintain the alkaline reaction so necessary for pancreatic intestinal 
digestion. 

In addition to the enzymes secreted by the various oi^ans. there are. 
particularly in the digestive tracts of herbivores and omnivores, bac¬ 
teria which break down cellulose into substances that cmi be absorbed 
and used by the animal organism. This bacterial activity is of con¬ 
siderable importance, since the vegetable substance consumed in 
large quantities by the horse, ox. sheep, and pig contains a large 
[iroportion of cellulose, which is not digested by the enzymes in the 
various digestive juices. This bacterial d^rcstion makes available 
for utilization by the body large quantities of otherwise indigestible 
food material. 

ABSORPTION 

The digestive processes by which carbohydrates and fats are broken 
down into soluble or emulsified foi’ms read}’" for absorption have been 
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described. The inoi^anic salts, water, and vitamins contained in 
food require no breaking down but are absorbed as such. Ihc end 
products of protein digestion are amino iicids. C^arbohvdrates are 
broken into simple sugars (monosaccharides), principally glucose. 
The end products of cellulose digestion are probably the simple fatty 
acids (acetic and butyric) and glucose. The fats are broken down 
into fatty acids and glycerol. The absorption of all of these food 
elements occurs chiefly in the small intestine, though some absorp¬ 
tion occurs in the large intestine also, particularly in the horse. 

The principal avenues of absorption of food are the myriads of 
microscopic protuberances from the mucosa, or lining membrane of 
the intestinal wall, known as villi. These minute, fingerlike struc¬ 
tures are composed of an outer layer of absorbent cells, a wall con¬ 
taining many blood vessels, and in the center a lacteal or lymphatic 
v'essel. Being in constant contact with the food in a digested state, 
the villi take up the digested fats and pass them through the lymph 
channels (commonly known as lacteals) into the blood stream. The 
lymph within the lacteals is a milky substance heavily laden with the 
digested fat and is known as chyle. The ejid protlucts of protein and 
carbohydrate digestion, inorganic salts, water, and vitamins enter the 
blood vessels of the villi direct ami are transported through the liver 
into the blood system of the body. These absorbed food substances 
are carried to the body tissues, where after haviivg undergone comple.x 
metabolic processes they are utilized for growth, repair, and energy. 

After the digestive tract has taken from the foo<l all the nutritive 
elements of value to the animal, the remaining material is excreted 
as waste t'feces). 



FACTORS AFFECTING MAINTENANCE NUTRITION, 
FEED UTILIZATION, AND HEALTH 
OF FARM AHIMALS 


by Louis L. Madsen ■ 


I 11 t first need of an animal is for sufficient food to maintain its body 
in good health. Then additional food must be given for production, 
whether the production is in the form of work or of some product such 
as meat or milk. Failing to supply fundamental maintenance require¬ 
ments may seriously, perhaps permanently, injure the animal. Much 
thought and some research have been given to the question, and this 
article deals with the problem rather thoroughly, discussing overfeeding 
as well as underfeeding. Some technical material is included in the article. 


TuHorGHOUT the entire life span of all animals, whether they are 
young and growing, mature or aged, producing or not producing, 
working or resting, healthy or diseased, there is a continual need for 
foo(l to support the vital functions of the body. The minimum 
amount of the various foods required to sustain the essential body 
processes at an optimum rate without gain or loss in body weight or 
change in body composition, exclusive of the food used in growth or 
ex|)ended in work or other productive functions, is called the main¬ 
tenance requirement; and a ration which meets only the demands of 
maintenance is called a maintenance ration. To be ideal a mainte¬ 
nance ration must contain all the necessary nutrients in the proper 
amounts so that there is neither an excess nor a deficiency of any 
factor. If such a perfectly balanced ration is fed to an idle animal 
lliat is not growing nor yielding any product there would soon be an 
(‘ven balance between the food eaten and the materials lost from the 
body as body heat and excretions. 

These definitions of the maintenance requirement and the main¬ 
tenance ration refer to ideal conditions w’hich are approached only 
during careful experimental studies. Values thus obtained serve as 
the minimum basal requirement of animals and provide control data 
to w hich must be added sufficient food to satisfy the additional factors 
incident to normal activity. The Conference on Energy Metabolism,* 
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which met under the auspices of the National Research Council to 
consider the status of energy metabolism and its place in the develop¬ 
ment of animal nutrition, recommended for tentative^ adoption the 
term “physiologic maintenance” to refer to the requirement of an 
animal under specified experimental conditions, and the term “eco¬ 
nomic maintenance” to include the additional requirements for mus¬ 
cular activity fo\md under particular conditions of general feeding 
practice. Economic maintenance may be more literally expressed as 
“practical maintenance.” _ .... 

Growing and producing animals need food in addition to their 
maintenance requirement or their bodies will not be sustained intact. 
This is because a portion of the food ppplied for maintenance will be 
utilized and even some of the body tissues themselves will be broken 
(lown in an attempt to provide for growth and production. ^ Such a 
process cannot continue indefinitely without seriously interfering with 
the growth and development of the animal body or reducing its pro¬ 
ductive capacity. It is evident therefore, that growth, development, 
and economical production by farm animals depend upon (1) ade¬ 
quate food to maintain the vital functions, or internal work, of the 
body, plus normal activity, and (2) sufficient additional food to fulfill 
the demands for growth and production. 

Cash returns above feed cost are the primary source of income in 
the livestock industry, and economy of production by animals depends 
upon how much food is consumed above that required for maintenance 
and how efficiently it is utilized and converted into products. Before 
any continued yield of products can be obtained or physical work 
performed by animals it is necessary that their maintenance nutrition 
be adequate. If an animal is forced to labor when existing on a 
maintenance or submaintenance level of food intake, wasting of body 
tissues will occur and working efficiency will steadily decrease. A 
good dai:^ cow will not stop secreting milk as soon as the ration 
becomes inadequate to sustam optimum production. Milk produc¬ 
tion wiU continue for a time, but at a decreasing rate and at considera¬ 
ble expense to the body tissues, and before it stops entirely considera¬ 
ble damage a,nd possibly permanent injury may result. 

Uneconomical production by farm animals is not the only result of 
a failure to supply them with adequate food for maintenance and 
production. Other serious losses result from the so-called nutritional 
deficiency diseases, which not only may impair the development and 
producing capacity of animals but may be so severe as to cause death. 
Disease resulting from nutritional deficiencies maj be mistaken for 
or complicated by the presence of certain parasitic and infectious 
diseases. In fact, animals suffering from the lack of one or several 
essential nutrients may lose their ability to withstand infection and will 
be overcome through the combined effects of malnutrition and disease. 

Henry Prentiss Armsby (1853-1921), an expert in animal nutrition 
for the United States Department of Agriculture and first director of 
the Institute of Animal Nutrition of the Pennsylvania State College, 
was one of the first American investigators to emphasize the import¬ 
ance of the maintenance requirements m the nutritmn of farm animals. 
He wrote { S2): * 

> Italic numbers in parentheses refer to Literature Cited, p. 1076 . 
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A very considerable fraction of the feed actually consumed by farm animals— 
on the average probably fully one-half—is required simply for maintenance. 
But if half of the farmer^s feed bill is expended for maintenance, it is clearly 
important for him to know something of the laws of maintenance—how its require¬ 
ments vary as between different animals, how they are affected by the conditions 
under which animals are kept, how different feeding stuffs compare in value for 
maintenance, etc.—as well as to understand the principles governing the produc¬ 
tion of meat, milk, or work from the other half of his feed. 

Farm animals must be supplied, therefore, with sufficient food to 
maintain their essential body functions before they can economically 
convert feeds into useful products or work. Inadequate nutrition 
leads to uneconomical production or faulty growth and development. 
A deficiency of essential mitrients in the ration, on the one hand, or over¬ 
feeding on the other will lead to nutritional diseases that may either 
impair the animal for further production or cause death. Adequate 
maintenance and the preservation of the health of farm animals enable 
them to use additional food for growth, development, and production. 

MAINTENANCE NUTRITION SUSTAINS VITAL FUNCTIONS 

Some of the essential body processes that are supported by the 
maintenance requirement are: (1) Heat production and the control 
of body temperature; (2) mastication, digestion, and assimilation of 
food and passage of material tlirough tlve digestive tract; (3) glandular 
secretion; (4) circulation of the blood; (5) respiration; (6) normal 
muscular activity associated with a nonproductive life; (7) conduction 
of and response to nervous impulses; (8) excretion of waste products. 

CONTROL OF BODY TEMPERATURE 

Farm animals are warm-blooded and consequently must maintain 
their body temperature within rather narrow limits. The normal 
body temperature of all farm animals is usually above that of the 
surrounding air, so a continual supply of heat is required to keep the 
body warm. During the hottest days of sumnu'ir the environmental 
temperature may at times approach or even surpass that of the body 
and at such times less heat is required to maintain body temperature. 
In winter, of course, more heat and consequently more food are re¬ 
quired to keep the body temperature constant. 

The principal rneans by which heat escapes from the body are 
radiation, conduction, convection, and the evaporation of water both 
from the surface of the skin, as sweat, and by respiration, in which 
heat is lost in vaporizing water in expired air. The control of these 
mechanisms is called physical regulation, and is accomplished mainly 
by increasing or decreasing the blood flow near the surface of the body 
to facilitate or retard heat loss and the evaporation of water. Within 
a certain range of air temperature physical regulation operates to 
maintain a practically constant body temperature without requiring 
a noticeable change in the rate of heat production. 

If the environmental temperature continues to rise to a point where 
physical regulation of temperature is not sufiicient to prevent the body 
heat from mcreasing above its normal level, there is an increase in 
body metabolism. TWs temperature is known as the point of hyper- 
thermal rise. When the surrounding air temperature is decreased 
there is a minimum temperature at which the heat produced in the 
141394 *—39-^29 
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body is just sufficient to replace that lost without increasing metabo¬ 
lism. This point is known as the critical temperature. Below tlx* 
critical temperature e.xtra food must be oxidized in order to prevent 
the body from cooling off. This means of regulating body temi)era- 
ture is known as chemical regulation. The range of temperature 
between the point of hypertherrnal rise and the critical temperature is 
known as the zone of thermal neutrality, and it represents the favorable 
air temperatures between which the metabolic rate, or heat production, 
is constant. Food is utilized most efficiently for maintenance or 
production when the air temperature is kept within the zone of thermal 
neutrality, and consequently a point within this favorable air-temper¬ 
ature range is established during experiments when the heat produc¬ 
tion during maintenance is being measured. 

The approximate critical temperature for several sf)ecies of farm 
animals has been determined. Preliminary work at the Agricultural 
Research Center, Beltsville, Md., indicates that the critical ternpera- 
ture of hens is about 28.3° C. (83° F.) and for chicks 1 to 4 days of ag(>, 
3.').6° C. (96° F.). Other published values are: Pi", 21° C. (69.8° 
F.); steer with hair closely shaved, higher than 18.3° C. (64.9° F.); 
steer with full coat of hair, less than 15.6° C. (59.9° F.); dog. before 
clipping, 13.6° C. to 15.1° C. (56.5° F. to 59.2° F.); dog, after clipping. 
23.8° C. to 26.5° C. (74.8° F. to 79.7° F.); and man with ordinary 
clothing, 15° C. (59° F.). These values are not constant and may 
become higher under such circumstances as ex[)osur( to cold winds 
and stormy weather, or when an animal’s natural insulating coat of 
hair, wool, or feathei-s is sheared or cli[>j)e(l off. Fasting raises the 
critical temperature, while food constimption and good physical condi¬ 
tion have the opposite effect. Diseases may also change tlie normal 
critical temperature of animals, depending on their effect on tlx- 
complex heat-producing or heat-eliminating tneclianism. This ex 
plains why well-fed, sheltered animals can stami cold weather much 
better than thin or underfed animals or animals that are exposed to 
wind and storm. Knowledge of the approximate critical temperature 
and heat production of animals and of the various factors wliich 
affect them is of use in estimating the anx)unts of lieat arxl energy- 
producing foods which must be sup()Iied for maintenance, ami in 
providing for adequate ventilation, insulation, or heating in barns. 

RELATIVE HEAT-PRODUCING VALUES OF FOOD CONSTITUENTS 

Students of energy metabolism have known for inaTiv years that the 
three general classes of foods, carbohydrates (starches, sugars, cellu¬ 
lose, etc.), fats, and proteins, have different effects iqjon the heat 
production of fasting animals following ingestion. The consumption 
of protein causes the metabolic rate of heat prodixstion to increase 
much higher above a fasting level than an equal quantity of carbo¬ 
hydrate or fat. Kubner (1854-1932), a distinguished German 
sciptist, called this effect of food in increasing the metabolic rate of 
animals “specific dynamic action,” and this term has been widely 
used. In the United States the extensive early work of Graham Lusk 
(1866—1932) and associates on this subject is particularly noteworthy. 
Specific dynamic action as defined by Rubner can be illustrated by 
one of the last published statements of Lusk {70S): 
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If what we now call the basal metabolism of a typical animal be 100 calories 
per day and if 100 calories be administered to the animal in each of the several 
foodstuffs on different days, then the heat production of the animal after receiving 
meat protein will rise to about 130 calories, after glucose to about 100 calorics, 
and after fat to about 104 calories. These are typical average results. 

A completely satisfactory explanation for this phenomenon has not 
yet been agreed upon. The heat produced in the body following 
consumption of food serves only to keep tiie body warm. Animals are 
never fed on single nutrients in practice, therefore heat-producing 
values of feeds or mixed rations and the factors influencing them are. 
of most importance in estimating feed values. The heat production 
caused by the ingestion of a mixed ration is not a simple additive 
function of its component nutrients but a value which varies con¬ 
siderably with such factors as composition of the ration, plane of 
nutrition, kind and individuality of the animal, and conditions under 
which the measurements are made. 

The Conference on Energy Metabolism previously mentioned (foot¬ 
note 2, p. 431) outlined several teims with definitions for tentative 
adoption for use in energy metabolism studies. The term “heat 
increment” is suggested for the increase in heat production following 
and incident to the ingestion of any nutrient or ration. “Specific 
dynamic eflfect” is defined as the heat increment of a specific kind of 
nutrient and is therefore not logically applied to combinations of 
mixed nutrients as they occur naturally in feeding stuffs and in 
rations. The term “specific dynamic action” is reserved for the 
process, as distinct from the result, of specific dynamic effect. If 
these definitions are applied to the example from Lusk (703) quoted 
above, the specific dynamic effect of glucose under the conditions 
stated was equivalent to a heat increment of 6 calories per day (106 
calories minus the basal level of 100 calories per day), and the process 
bv which the food (in this case glucose) stimulates heat production 
above the basal level is the specific dynamic action. 

Most of the digestible food in a balanced ration that is consumed 
for the purpose of maintenance or production consists of energy- and 
heat-producing nutrients. Other feed constituents, however, such as 
protein, minerals, vitamins, and water, which make up the remainder 
of the ration, are just as important as an adequate supply of energy 
or heat. Feeds such as grains and grain products which are high in 
total digestible nutrients are called concentrates. Feeds high in 
bulkyj indigestible constituents, and consequently relatively low in 
digestible nutrients, are called roughages. The relative values of these 
feeds in meeting the requirements of animals depend upon the age of 
the animal and its digestive ability. Swine and poultry are unable 
to utilize large quantities of bulky foods to advantage and therefore 
are fed largefy on concentrates, while ruminants (cattle, sheep, and 
goats) and horses have digestive systems capable of utilizing lai^e 
proportions of roughages as well as concentrates. 

Cellulose, a complex form of carbohydrate, is an important source 
of heat and to some extent of energy, especially for ruminants. 
Cereal straws, such as wheat and oat straw, and other bulky roughages 
high in fiber or cellulose are of considerable feeding value for naain- 
tenance heat production of adult cattle, sheep, and horses, especially 
during cold weather. These foods, however, are low in feeding value 
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for growth, fattening, or other forms of f)rodnction. This is hecause 
most of the food energy they contain is expended as 1 1 eat incident to 
the greater work of mastication, digestion, and assimilation. This 
also explains some of the feeding value of browse, which though very 
bulky supplies the energy and heat requirement for maintenance for 
itiany thousands of cattle and sheep during the winter season, par¬ 
ticularly in the Western States. 

Proteins also may be used for heat and energy transformation in 
the body. They have approximately the same caloric value as the 
starches when utilized in this way, but it is usually uneconomical to 
depend upon foods rich in proteins as the major source of energy in 
maintenance or production rations, since only a portion of these 
compounds are available for this purpose and the remainder of the 
nitrogen-containing fraction is largely wasted. An equal weight of 
fat yields approximately two and a quarter times as much energy or 
heat as do the starches, sugars, or proteins. Even though the fats 
are the richest source of energy and heat for animals, it is necessary 
for starch or some other carbohydrate food that can be converted into 
sugar to be present in the body to aid in the last stages of fat oxida¬ 
tion. Tf there is a shortage of sugar in the body, resulting either from 
an inadequate supply of carbohydrates in the food or a derangement of 
carbohydrate metabolism in the body, certain harmful |)roducts of 
incomplete fat oxidation (acetoacetic acid, beta-hydroxybutyric acid, 
and acetone) will accumulate. 

HEAT, ENERGY, AND PROTEIN REQUIREMENTS OF ANIMALS 

Heat and energy transformation from absorbed food takes plac(‘ in 
all the active, living tissues of the animal body. About 70 percent 
of the heat produced in the body comes from the skeU'tal muscles; 
most of the remainder originates from glandular activity (285). A 
constant source of energy is required to keep the skeletal or voluntary 
muscles in a state of tonus, or in a slightly contracted state, so that 
the animal can move about and have control over its posture, breathe, 
masticate food, etc. All of the muscles of the body are never com¬ 
pletely relaxed during life. The involuntary muscles, which act inde¬ 
pendently of the \yill, also expend energy continually to maintain such 
important activities a,s blood circulation, passage of food and food 
residues through the digestive tract, and many others. 

Activity increases the basal maintenance requirement for energy 
considerably, for example, a comparison of the tmdabolism of cattle 
during standing and lying indicates that the increase due to standing 
may be as much as 15 percent. Fat animals require more food per 
unit of body weight to maintain their live weight than thin animals. 
McCandlish and Gaessler {711) give some interesting data from lim¬ 
ited observations on dairy cattle in high and low condition. They 
found that an average daily requirement of 0.62 pound of digestible 
crude protein and 6.67 pounds of digestible carbohydrate were needed 
per 1,000 pounds of live weight when the animals were in high condi¬ 
tion, while 0.39 pound of digestible crude protein and 5.03 pounds of 
digestible carbohydrate per 1,000 pounds of live weight were ade¬ 
quate to maintain weight when the animals were thin. 

Several methods have been used to measure tlie maintenance as 
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well as the production requirement of animals. Direct measurements 
of heat production and respiratory gas exchange of animals has been 
the basis of naany studies. Other methods involve the collection of 
urinary constituents and their correlation with the metabolism of 
specific nutrients and of the body as a whole. For example, Smuts 
(l086), working with Mitchell, recently measured the basal metabolism 
and total endogenous nitrogen excretion of several species and found 
that in mature animals 2 milligrams of nitrogen was lost from the 
body for every calorie of basal neat. Since 2 milligrams of nitrogen 
is approximately equivalent to 12.5 milligrams of protein (nitrogen X 
6.25), it is possible to calculate from the basal heat the amount of 
protein catabolized by the body equivalent to the endogenous nitrogen 
losses. 

Brody and associates {167), analyzed a large amount of basal metab¬ 
olism data on animals varying in size from mice to elephants and found 
that the basal metabolism of the animals within this range tends to 
vary with the 0.734 power of body weight. The general equation 
showing the relation between basal metabolism in calories (Q) and 
body weight (M) was calculated to be (2=70.5 M In substituting 
the relation between endogenous nitrogen and basal metabolism in 
this equation, the amount of protein (P) required to replace the 
endogenous losses in maintenance of adult animals is F=0.88 M 
To convert P into food protein. Smuts recornmends multiplying by 2 
in order to provide a margin of safety. This assumes that the food 
protein is only 50-percent utilized. This method of calculation of the 
maintenance requirement of protein results in 0.35 pound of protein 
for a IjOOO-pound animal and 0.465 pound in a 1,500-pound animal, 
which IS considerably lower than amounts given in older standards 
determined largely by the feeding-trial method. This new tnethod 
must be further tested with the larger domestic animals and under 
conditions found in practice before it can be applied to general use. 

It has been recognized for a long time that some relation existed 
between body size and metabolism, and between body surface and 
metabolism. Since the smaller animals have a larger surface in pro¬ 
portion to their body weight, their metabolism must be greater per 
unit of body weight in order to replace the extra heat lost. Brody 
and associates and Kleiber (633), who have made significant recent 
contributions on this subject, are in approximate agreement on the 
relation between body weight and metabolism. 

Similar studies on the relation of endogenous urinary nitrogen and 
neutral sulfur excretion in adult animals indicated that these sub¬ 
stances tend to vary with the 0.72 and 0.74 powers of body weight, 
respectively. Since the difference in the numerical value of the expo¬ 
nent of body weight for each of the relationships studied is remarkably 
small, Brody and associates conclude that the ratio between body 
weight and basal metabolism and the relationship between endogenous 
nitrogen and neutral sulfur excretion tend to remain constant for 
mature warm-blooded animals. These workers have assembled exten¬ 
sive prediction tables on the basis of these findings, as well as a feeding 
standard for maintenance that includes total digestible nutrients, 
digestible crude protein, and calories for animals of widely different 
body weights. 
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These findings are interesting since they relate nutritive requirements 
for maintenance of many different kinds of animals to the single func¬ 
tion of body weight. However, there is still some question whether 
economic maintenance can be accurately exjiressed as a function of 
body weight. The activity factor and other factors such as age, sex, 
breed, species, and environmental conditions, all of which affect 
economic maintenance, are no doubt variables that cannot be evaluated 
by the same i)ower of body weight. Gaines (^05), has come to the 
conclusion that his “working maintenance” of dairy cows yaries most 
nearly with the first power, or is directly proportional to body weight. 
Morrison (819) has arbitrarily used the 0.87 powt'r of body weight in 
the calculation of digestible j)rotein and total digestible nutrients 
required for maintenance by dair\' cows of various live weights. 

The interesting relations revealed by these studies have contributed 
some substantial j)rogress toward scientific evaluation of feeds and 
consequently of tlie economical feeding of animals. More work is 
needed, however, concerning the factors that affect the digestibility 
of feeds and rations by various species before individual feeds can be 
accurately evaluated in tenns of feeding standards. Considerable 
additional work has to be done also in order to undei'stand the needs 
of animals under the numerous conditions found in practice, and to 
discover more about the role of other specific food substances such as 
vitamins and minerals and the requirements of animals for these 
substances. 

EFFECTS OF DIETARY DEFICIENCIES ON FEED UTILIZATION AND 
HEALTH OF FARM ANIMALS 

QUANTITATIVE OR QUALITATIVE PROTEIN DEFICIENCY 

The question of quantitative and qualitative protein deficiencies 
in the nutrition of farm animals is a matter of much concern to live¬ 
stock men and a subjt^ct of considerable interest to research workers 
in nutrition. All animals nHpure a source of protein in their diet to 
utilize for growth, for the replacement of body tissues and fluids, and 
for the production of such materials as milk and eggs. 

Growing animals require* a highei- jjejcentage of protein in their 
ration than do adidt animals. Experiments with swine fed rations 
containing incj-easing amounts of protein on equal food intakes are 
reported by Mitdiell and Hamilton (800). Their studies indicate 
that as the protein content of the diet is increased from a low level 
the rate of nitrogen retention, rate of growrih, and utilization of energy 
increase with increasing protein to a level that is higher for- the 
younger animal. Hammond, Hendricks, and Titus (468) report simi¬ 
lar effects of protein on the growth and feed utilization of male 
chickens. The cockerels fed ad libitum during the first 14 weeks of 
life increased in efficiency on the basis of feed consumed up to a level 
of 21 percent of protein. After the birds were approximate!v half- 
grown there was only a slight difference in efficiency of food utilization 
down to as low as 15 percent of protein in the diet, and after maximum 
live weight had been attained 13 percent of protein in the diet was 
adequate for maintenance. 

Proteins are verv complex compounds made up of amino acids and 
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other simpler compounds. The protein recpiircment of an animal 
is really a requirement for certain amino acids. At least 22 amino 
acids have been identified chemically, and 10 of these have been shown 
to be essential for the growth of animals. An essential amino acid is 
one that is needed by the body in some particular phase of metabolism 
but cannot be manufactured or synthesized by the organism. An 
amino acid is said to be nonessential if it can be synthesized or is not 
required by the organism. If a protein contains a large proportion 
and variety of essential amino acids it has a high biological value for 
animal feeding and is called a protein of good quality. A protein 
that is deficient in one or several essential amino acids is called a pro¬ 
tein of poor quality, because its use by the bo<ly for structural purposes 
is limited. As a general rule, proteins of animal origin such as those 
found in milk or meat contain a higher percentage and greater variety 
of the amino acids necessary for growth than do the proteins of plant 
origin. 

Most of the work with purified amino acids has been carried out with 
laboratory animals. The question of growth requirements has been 
investigated more thoroughly than that of other requirements. Little 
is known of the amino acid requirements for maintenance or for repro¬ 
ductive functions such as fertility, lactation, and egg production, 
although it is known that a supply of protein adequate from both the 
qualitative and the quantitative standpoints is essential if these 
processes are to be carried on to the physiological capacity of the 
animal. Physical work (loos not increase the protein requirement of 
an animal if it is receiving enough for adequate maintenance aiul 
growth and if the ration is adequate in energy-producing nutrients. 

If the protein intake of an aniinal is inadequate either quantita¬ 
tively or qualitatively the most obvious symptom is a slowing up or a 
complete cessation of growth together with very poor development of 
the skeletal muscles. An example of protein deficiency can be demon¬ 
strated by comparing the growth, fattening, and development of 
young swine on a ration of yellow com alone with a suitable mineral 
mixture as compared to com supplemented with milk or meat meal. 
Morrison {819) has summarized experiments of this kind and gives 
data to show that a ration of corn alone required nearly 700 pounds of 
grain to produce 100 pounds of live-weight gain, while a properly 
supplemented ration requires only slightly more than half as much 
grain. This demonstrates the usual results of uneconomical conver¬ 
sion of food into livestock gains when the protein content of the ration 
is inadequate qualitatively or quantitatively. 

The nutrition of swine and poultry is improved if some source of 
animal protein such as milk, tankage, or fish meal is included in the 
ration in addition to plant proteins, while the Herbivora—cattle, 
sheep, and horses—can of course be adequately nourished after normal 
weaning by proteins from plant sources alone. Legumin()us roughages 
such as alfalfa and clover are important sources of protein for herbiv¬ 
orous animals, but if the nonleguminous roughages such as timothy, 
grass hays, com fodder, cereal straws, or browse are fed, it is usually 
advisable to add some protein concentrate to the ration. This is 
especially true for young growing or breeding animals and for heavy- 
producing animals such as dairy cows. Linseed, cottonseed, and 
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soybean meals are typical plant protein concentrates used to supple¬ 
ment the rations of farm animals. A ration containing a mixture 
of proteins from several sources usually gives better results than one 
in which the protein is from a single source, since the amino acids of 
one protein will often supplement any amino acid deficiencies of the 
others. It is likely that some of the beneficial effects which feeds 
containing proteins of good quality have on the growth or productioix 
of animals may be due to other essential factors present in these feeds, 
such as riboflavin, nicotinic acid, etc. 

In addition to poor growth and faulty muscular development a 
number of other abnormal conditions can result from rations low in 
protein. Pearson, Hart, and Bohstedt (!)03) have recently reported 
that a deficiency of amino acids intei-feres with the normal sexual 
rhythm of rats. However, no pennanent sterility resultetl from 
feeding diets qualitatively or quantitatively deficient in protein if 
adequate proteins were suhsequently fed. Further studies, by 
Pearson, Elvehjem, and Hart (902), sKowed that regeneration of the 
hemoglobin level in nutritional anemia is affected by the level and 
quality of the dietary protein. These studies revealed that the 
proteins from liver or casein fed at a level of 4.8 percent permitted 
liemoglohin regeneration at approximately the same rate as the protein 
of corn or wheat gluten fed at about an 18-percent level. 

A deficiency of protein or specific amino ackls is one of the factors 
which can apparently lead to the development of certain intestinal 
lesions. Dogs develop peptic ulcers of the stomach and duodenum 
when maintained on a diet containing no animal protein and only a 
small quantity of vegetable proteins (1197). This same diet also 
results in a lowering of the hlood proteins, or hypoproteinemia, 
and an accumulation of fluid in the tissues and the body cavities, 
known as nutritional edema. Weiss and Aron (1300) believe that 
certain peptic ulcers of dogs produced experimentally are a residt of 
a specific amino acid (histidine) deficiency. Rats and mice also 
develop ulcerations of the stomach as a result of starvation or when 
fed diets deficient in quantity or quality of protein (526). Diets too 
low in protein or inadequate for growth because of qualitative de¬ 
ficiencies usually have an adverse effect on the appetite. This leads 
to lowered food consumption and a deficiency of other factors. 

RELATION OF AN INADEQUATE INTAKE OF ENERGY-PRODUCING FOODS 
TO PROTEIN UTILIZATION 

When an animal is receiving an optimum quantity of energy- 
producing nutrients in the form of carhohydrates and fats the a*ount 
of protein required for maintenance or production is reducedito a 
minimum. If the supply of energy becomes inadequate, some of the 
amino acids that should be used for protein nutntion are oxidized 
to furnish heat and ener^y^. When amino acids are utilized in tliis 
way, the nitrogenous portion of the molecule is excreted as a metabolic 
waste in the urine because the body does not have the ability to convert 
this fraction into heat or energy. This causes an increase in food 
nitrogen lost from the body, and the efficiency of protein utilization 
is consequently lowered. To obtain maximum use of the protein 
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in a ration it is, therefore, essential that the supply of nonprotein 
energy-producing foods be adequate. 

If foods liigh in protein but relatively low in digestible carbohy¬ 
drates and fats, such as alfalfa and clover, are fed without grain or 
other carbohydrate-containing supplements, as is commonly done in 
many sections of the country, considerable amounts of protein are 
used to funiish energy and heat, with a resulting wastage of nitrogen. 
Turk, Morrison, and Maynard {il62) supplemented alfalfa and clover 
hay rations for lambs with starch, sugar, com oil, or com grain to 
increase the energy content of the ration. They demonstrated that 
the biological value of the protein of these hays could thus be materially 
increased. The average of the biological values obtained was 81 for 
clover protein, 79 for alfalfa protein, 80 for the protein in the com- 
hination of clover and com, and 77 for the protein in the combination 
of alfalfa and com, while the unsupplemented alfalfa ration gave an 
average value of 50. These investigators proved conclusively that 
the low biological value obtained when alfalfa hay alone is fed is not 
due to an inferior quality of protein but to an insufficient supply of 
energy-producing food in the ration. 

PHOSPHORUS DEFICIENCY AND FOOD UTILIZATION 

Probably no dietary deficiency of livestock, particularly cattle, is 
so common the world over as a deficiency of phosphorus. A lack of 
this mineral in livestock rations is due primarily to a deficiency of 
I)hosphorus in the soils on which the plants used for feed are grown. 
The question of soil relationships to plant and animal nutrition received 
special attention in the 1938 Yearbook of Agriculture {164,737). In 
the United States particular attention has been given to occurrence of 
phosphorus deficiency in Minne.sota, Wisconsin, Michigan, Florida, 
Kansas, Montana, Utah, Texas, Pennsylvania, and California. The 
deficiency may be localized in certain areas within a State or may 
become evident only during seasons of drought. 

Symptoms of phosphorus deficiency are similar in nearly all classes 
of livestock. Animals suffering from a lack of this mineral may soon 
be lacking in other factors as well, such as calcium, protein, vitamin A, 
etc., or they may develop toxic symptoms from consuming bones and 
{)utrid animal carcasses in an attempt to satisfy the deficiency. The 
symptom of depraved appetite is so common that this condition has 
been called the “bone-chewing” disease, though the animals may eat 
other things, including wood, hair, feathers, soil, and flesh, which are 
usually ignored under conditions of normal nutrition. As the defi¬ 
ciency progresses the animals develop low blood phosphorus and such 
symptoms as marked emaciation, stiffness of joints, loss of appetite, 
decreased milk flow, failure in reproduction, and a general unthrifty 
appearance. 

The question of the effect of phosphorus deficiency on food utiliza¬ 
tion has been studied. Riddell and associates (963) at the Kansas 
Agricultural Experiment Station agree with the general conclusion of 
some previous workers that phosphorus deficiency is a limiting factor in 
the economical utilization of feed. They further conclude that this 
effect was not due to a lowered digestive ability of the animals but 
was a result of a higher energy metabolism as indicated by oxygen- 
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consumption measurements. Kleiber, Goss, and G nil bel t {635) also 
found no difference in the digestibility of the food, but there was 
slightly lower utilization of energ\'. 

Forbes {369) has studied the question with laboratory animals and 
reports findings during a lO-week period of growth in young rats. 
In the first experiment the phosphorus-deficient rats had 15 percent 
less phosphorus in their bodies at the end of the experiment than the 
controls, but there was no difference in growth or utilization of ener^- 
and protein. In the second experiment a difference of 18 percent in 
body phosphorus was obtained by feeding a ration deficient in this 
mineral. In this case, a slight depression of the digestibility of food 
protein resulted without affecting protein and energy utilization or 
growth. Forbes states that there is a lack of clear-cut evidence that 
variations in the phosphorus content of the diet under conditions of 
practical nutrition affects the efficiency with which the food is utilized. 

VITAMIN DEFICIENCIES AND FOOD UTILIZATION 

The effect of vitamin D on the utilization of calcium and phosjihorus 
in the diet is the most conclusive relation between food utilization and 
vitamins that has been demonstrated. In the absence of vitamin 1) 
large losses of calcium and phosphorus from the body occur in s]>ite of a 
sufficient dietary supply of these elements, but when vitamin D is given 
losses decrease and unusual quantities of calcium and |)hosphorus are 
stored in the body until the normal balance is resumed. This is 
generally true for farm animals. Wallis {1179) has recently demon¬ 
strated it for mature lactating dair\^ cattle by feeding them rations 
deficient in vitamin D and keeping them away from direct sunlight. 

On a vitamin-deficient diet the appetite usuallv decreases, less food 
is eaten, and the animal begins to lose body weight. The food that 
is eaten is used principally for maintenance. Production decreases 
because of lowered food intake, and consequently economical conver¬ 
sion of food into useful products is seriously interfered with. Braman 
and coworkers (/47) have conducted a series of experiments with rats 
on the effects of diets deficient in vitamins A. D, and G during limited 
periods on the utilization of energy-producing nutrients and protein. 
They found that in rats with moderate vitamin y\ deficiency the most 
prominent effect was to depress the appetite, while the complete diet 
resulted in slightly larger weight gams and nitrogen storage. The 
experiment was terminated soon after the symptoms of vitamin A 
deficiency became acute. When the effects of a normal ration were 
compared with those of a ration containing an equal number of 
calories but deficient in vitamin D, the rats"on the deficient ration 
excelled those on the normal ration in utilization of food nitrogen, 
in body protein gained, and in heat lost. The animals on the complete 
ration showed better appetite, gained in body fat, utilized more 
enei^y, and eliminated more carbon in the urine. Vitamin G defi¬ 
ciency also depressed the appetite of rat's and they grew less and 
formed less body protein and fat. None of these vitamin deficiencies 
appreciably affected the digestibility of the protein or eneig:y foods 
of the diets. 

If a state of vitamin deficiency progresses to the point where violent 
digestive disturbances develop, such as the diarrhea produced by 
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vitamin A deficiency or pellagra, absorption of food may become 
impaired. In such cases a deficiency of other factors may result in 
spite of an apparently adequate intake. 

Effect of Dietary Constituents on Vitamin D Requirements 


'rhe amount of vitamin D in the diet necessary to meet the requii e- 
ment of an animal can be modified by the presence or lack of other 
substances in the diet. Early studies indicated that an adequate 
supply of vitamin D was not the only factor necessary for nonnal 
calcium and phosphorus metabolism and bone formation. Vitamin 
1) e.xerted its optimum effect only when tliere was an adequate supply 
of calcium and phosphorus in the diet and when these elements were 
present in certain proportions with respect to each other. When 
either calcium or phosphorus is deficient in the ration or there are 
abnormally large quantities of either, efficient assimilation of these 
minerals does not occur even in the presence of vitamin D. A normal 
calcium-phosphorus ratio usually falls within 2:1 or 1:2. There are 
species differences with respect to the effect of the calcium-phosphorus 
ratio on the assimilation of these substances. Huffman {550) reports 
that ratios as wide as 1:4 to 10:1 did not interfere w'ith calcium and 


phosphorus utilization in dairy cuttle. 

An e.xcess in the diet of salts of iron, magnesium, manganese, 
beryllium, strontium, thallium, and aluminum may interfere with 
phosphorus assimilation and favor the development of rickets even 
in the presence of adequate vitamin D, because these compounds tend 
to fonn insoluble compounds w'ith phosphorus {ISO). TTuffmau {551) 
demonstrated that magnesium favored caleium and phosphorus 
metabolism and bone calcification in dairy calves. This action is 
described as a “vitamin D-sparing” effect; it is most evident on 
rations low' in but not entirely devoid of vitamin D. There is little 
danger of these unusual relationships developing in practice unless 
excessive quantities of iron are given for treatment or for prevention 
of anemia or amounts of manganese are given far above the known 
recjuired level. 

Too large a proportion of phosphorus in proportion to calcium 
tends to favor the formation of the insoluble calcium phosphate, which 
is not so readily absorbed. Milk su^ar, or lactose, favors calcium, 
phosphorus, and magnesium absorption from the intestinal tract. 
This action is similar to that of vitamin D, and accounts for some 
of the favorable effects of milk on the calcification of bone in young 


growitjg animals. 


RESULTS OF OVERFEEDING 


Overfeeding of farm animals can result in heavy financial losses by 
causing temporary or permanent disability and even death of animals. 
Money and labor are also wasted by supplying more feed than the 
animals can utilize. Livestock will frequently overeat if given an 
opportiinity. The consequences may be only temporary digestive 
disturbances or thev may be so serious as to cause death. The pro- 
(luctive capacity ot farm animals has in many cases been incre^ed 
beyond the point where they are physiologically able to assimilate 
enough food to maintain the desired level of high production. In the 
attempt to maintain a record performance, owners may induce 
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animals to eat more than they can continue to uti'ize, and unfortu¬ 
nate results usually follow. The animal is said to go “off feed,” 
usually the result of a digestive upset. Such symptoms as diarrhea, 
constipation, bloat, colic, and failure to eat the usual quantities of food 
are danger signals, which if observed in time may be corrected. Diges¬ 
tive troubles from overeating may occur very suddeidy, and even if the 
services of a veterinarian are immediately available a fatal outcome may 
not be prevented. Animals may be found dead in the morning without 
having shown any noticeable symptoms the evening before, tiosses oc¬ 
casionally occur through accidental overfeeding, as when animals escape 
to the grain bin or into fields of abundant crops. Diseases due to over¬ 
eating are best controlled by i)reventive measures, although some cases 
may be successfully treated by prompt medical and dietary attention. 

Diseases from overeating of either balanced or unbalanced rations 
are an important cause of death among animals on a fattening ration. 
Newsom and Thorp {85S) state that “overeating” may seem a peculiar 
designation for a disease, yet it probably causes more loss in the feed 
lots of Colorado than all other troubles combined. The “disease” as 
found in lambs has been called a variety of names descriptive of cer¬ 
tain phases, such as apople.xy, indigestion, gastroenteritis, food intoxi¬ 
cation, and diabetes. Animals may develop nervous sym])toms such 
as head retractions, staggering gait, walking in circles, and rapidly 
progressing weakness, followed by prostration, coma, convulsions, and 
ileath. They may suffer for several days and then die or recover. 
Diarrhea is usually present when the animal lives more than a few 
hours. Acute cases usually have a marked glycosuria, or sugar in the 
urine, which suggests diabetes, but which has not been proved to be 
a true diabetic condition. Frequently the heartiest eaters and fattest 
lambs are the ones that die from this disease. Many feedem start 
culling out the fat lambs and selling them before the rest are ready in 
order to reduce the possibility of losses from this condition. vSome 
lamb feedei’s become alarmed as the death toll rises and sell all their 
lambs before they have reached a desirable market finish, being force<l 
to take a lower price for them and in many cases incurring a serious 
financial loss. 

The exact cause of this disease and effective treatment of animals 
suffering from it still remain unsolved problems. N(‘wsom and 
Thorp, in the reference previously cited, report work at the Colorado 
Agricultural Experiment Station in which the filtered (bacteria-free) 
intestinal contents from lambs dead of overeating were frequently 
found to be toxic to laboratory animals and sheep when injected but 
nontoxic when fed by mouth. The toxin in the filtrates was destroyed 
by heating to 60° C. (140° F.) or could be neutralized by antitoxins 
produced by bacteria of types B and D Cloxtndium wetchii. Since 
bacteria of the Clostridium welchii group are normally found in the 
intestinal contents of sheep and other farm animals it seems probable 
that the character of the feed and overeating or conditions associated 
with a digestive disturbance may favor growth of the bacteria or ex¬ 
cessive toxin production in the intestine, the absorption of which 
produces the disease. More work should be done on this important 
relation between dietary factors and the growth and toxin production 
of bacteria in the digestive tracts of animals. 
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Some preventive measures have been worked out that have helped 
considerably in holding large losses in check. Losses are often asso¬ 
ciated with heavy grain feeding and lack of exercise. If the grain 
allowance is reduced when deaths begin, losses usually cease; but a 
given level of grain feeding does not cause unfavorable results under 
all conditions. Among the puzzling features of this disease are its 
sporadic occurrence mid the frequent failures encountered in attempts 
to produce it experimentally. Losses can usually be reduced to a 
minimum by starting lambs on feed slowly and gradually increasing 
the concentrate allowance, carefully watching the appetites of the 
animals and gaging the increase accordingly. Consulerable success 
has been attained through self-feeding of lambs by grinding grains and 
roughage and miring them in the desired proportions. The propor¬ 
tion of grain is increased as the feeding period progresses until a 
satisfactory fattening ration is establisheil. 

Cattle also are adversely affected by overfeeding. Freipient causes 
of heavy losses are bloat, indigestion, and acute distention or impaction 
of the stomach. “The eye of the master fattens his cattle” is a saying 
containing a wealth of advice. Satisfying tlie appetites of animals with¬ 
out feeding them beyond their ability to assimilate is the real problem. 

Lactating animals, particularly dairy cows, also may be overfed, 
especially when record-breaking production is desired. Symptoms 
appear suddenly, the milk yield drops, and the animal begins to scour 
and refuses feed. Production which has fallen because of digestive 
disturbances is difficidt to restore. Cows that develop milk fever 
incident to calving are usually high producers in extra-good condition 
because of abundant feeding. Sjollema {1062) recalls that both 
milk fever and acetonemia, or ketosis, were less frequent toward the 
end of the World War and just after it, a period when food was scarce. 
Metzger and Morrison {786) in studying the records of the Kentucky 
Agricultural Experiment Station herd found that a larger percentage 
of milk-fever cases occurred during the winter months and suggested 
a possible relation of the increased incidence at that time of year to 
factors affecting the calcium metabolism of the cattle, such as the 
quality of the roughage or the lack of ultraviolet radiation from sun¬ 
light or both. 

The causes of milk fever and acetonemia are still not understood, 
but there is abundant evidence that they may be affected by nutri¬ 
tion, and this method of approach is being actively studied. Ketosis 
may occur in heavily fed, high-producing animals or m animals on 
a very poor ration. Chemical studies on the blood, milk, .and urine 
of these animals show that they are unable to complete the oxidation 
of fats in the body and that the incomplete oxidation products, or 
ketone bodies (acetoacetic acid, acetone, and beta-hydroxybutyric 
acid), which are harmful to the body, accumulate in the blood and 
tissues and are excreted in the urine and milk. Moderate supple¬ 
mentary carbohydrate feeding, as of beet molasses, grain mixtures, 
etc., or good pasture tends to correct the condition if it has not pro¬ 
gressed too far. . . , 

Calves overfed with milk frequently develop d^estive disorders 
that may be followed by scours and pneumonia. Diarrnea caused by 
nutritional means must not be confused with that due to specific 
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infections, althongjh the control metliods for either condition must 
be carried out simultaneously with rational feeding and good 
management. 

Horses are very susceptible to overfeeding, especially during seasons 
when heavy work and consequent heavy feeding ai’e followed by days 
of idleness. The grain ration should be retiuced as much as 50 per¬ 
cent and the animals should be given an opportunity to get sufficient 
exercise when not working. Various digestive disturbances known 
collectively among livestock men as colic may be caused by errors in 
quantity as well as in quality of food. This is also true of heaves 
(broken wind) and founder. Azoturia, a disease known to some as 
“Monday morning sickness,” Ls frequently fatal to horses; its develop¬ 
ment usually follows a period of insufficient exercise and heavy con¬ 
centrate feeding. 

When breeding animals are too fat as a result of overfeeding they 
frequently fail to breed normally. Asdell (,'?7) points out that an 
overfat condition affects the male as well as the female, and that 
because show-ring fashion tends toward ver>' fat animals, some of the 
best stock is impaired, leaving the more mediocre animals to per¬ 
petuate the race. 

EFFECTS OF UNDERNUTRITION 

Undemutrition is the result of either quantitative or qualitative 
deficiencies in the ration or both, or of a faihu-e of the ingested food 
to become available to the body. The effe(“t of dietary deficiencies on 
an animal depends on a number of factors, chief among which are the 
nature of the deficiency: age and kind of animal, and whether it is 
producing or nonproductive; duration of the deficiency; and whether 
or not the animal has stored the missing essential nutrients from pre¬ 
vious adequate nutrition. A long-continued deficiency of vitamins 
and minerals usually leads to the development of the so-called nutri¬ 
tional diseases. A deficiency' of other factors, such as a moderate 
energy or protein deficiency, tends to retard growth but is not par¬ 
ticularly harmfid if not continued too long, especially if the animal is 
neither pregnant nor expected to produce efficiently. The body has 
considerable ability to repair itself and resume growth if normal 
nutrition is established after a period of deficiency, but a shortage of 
certain nutrients can cause irreparable damage and must be avoided. 
When an animal is growing more slowly or not producing at an 
optimum rate because of an insufficient supply of food or of specific 
nutrients, .the major portion of the feed consumed is utilized for 
maintenance, and little or none is left for conversion into useful 
products or body increase. 

Underfeeding of breeding animals, both male and female, greatly 
decreases their normal reproductive activity. The undernourished 
female may not come in heat re^ilarly, and if she does become preg¬ 
nant the young may not be carried to term, or if bom, will probably 
be weak and unthrifty. 

Pregnancy disease of ewes {SI6), or toxemia of pregnancy, is often 
assoejated with undemutrition of the pregnant animal. It is closely 
associated with a derangement of the carbohydrate and fat metabo¬ 
lism, and usually occurs during the last few weeks of pregnancy, 
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particularly when the ewe is carrying more than one lamb. Ewes 
fed forage of poor quality with little or no grain, and lambing before 
the pasture season begins are usually in poor condition and most 
susceptible to the disease. Typical symptoms of this condition are 
the development of a staggering gait, weakness, evidence of impaired 
vision, grinding of the teeth, and failing appetite. Breathing is 
usually labored and rapid, and the animal becomes progressively 
worse, finally going down and being unable to rise. The animals 
often lie with the head turned to one side of the body and may remain 
in this position for several days until death. A very yellow or clay- 
colored liver is usually found at autopsy. This rlisease may occiir 
in fat ewes if they do not have an opportunity to get sufficient exer¬ 
cise. Animals subjected to periods of feed shortage due to stormy 
weather or while in transit, may also develop the disease. Curative 
treatment is not usually successful and the mortality is high. Pre¬ 
ventive measures through adequate nutrition and exercise have given 
best results. 

McCay and coworkers {716) have published some interesting data 
on the effect of a calorie or energy deficiency in an otherwise a])parently 
adequate diet on the length of life and development of the albino rat. 
These investigators retarded the growth of rats by limiting their 
intake of energy, while the control animals that consumed all they 
wanted of the same diet grew to maturity and developed much faster. 
Individuals in the retarded groups, however, lived much longer than 
the control animals. These studies suggest the possibility of modify¬ 
ing the growth of young animals and thereby extending their produc¬ 
tive life. Maynard {769) discusses this question further and points 
out that the present standards for optimum nutrition, based largely on 
rapid growth and development, may not be an index of the life per¬ 
formance of the animal. This subject should be investigated further 
from the standpoint of farm-animal and human nutrition. 

Sherman and (Campbell {1061) have reported a series of experiments 
in which they have shown that a diet of natural foods apparently 
adequate for rats results in further nutritional improvement when 
enriched by the addition of powdered milk. They have studied 
particularly the effect of increasing the allowances of calcium, vitamin 
A, and riboflavin, all of which have contributed to improvement in 
nutritional well-being, health, and length of life. Increasing the 
calcium content of the diet resulted in both more rapid growth and 
longer life. This work further emphasizes the fact that the minimum 
quantity of a nutrient necessary for normal nutrition may be less than 
the amount required for optimum performance when measured by the 
effects on life span and when observations are continued into succes¬ 
sive generations. These residts should not be interpreted as con¬ 
flicting with those of McCay and coworkers, previously cited. By 
using vastly different diets and experimental procedures these inves¬ 
tigators have demonstrated other means by which the life span can 
be significantly increased above the present recognized normal stand¬ 
ards. These observations should be regarded as introductions to addi¬ 
tional fields of study, demonstrating that investigators in the field of 
nutrition should go beyond studies on specific short periods of growth, 
development, and maintenance, to include observations on length of 
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life aiul lifetime production and the effects on successive fjenerations, 
whenever possible or practical. 

MEASURING THE ECONOMIC, OR PRACTICAL, MAINTENANCE 
REQUIREMENTS OF ANIMALS ^ 

In accordance with the recommendation of the Conference (ui Enerjjy 
Metabolism, referred to on page 431, the term'“economic maintenance 
requirement” as used in the following discussion refers to the total 
quantity of feed required for the maintenance of bo.d^y weight without 
material change in the composition of the living’animal and for the 
performance of all involuntary and voluntary muscular activity; it 
does not include any feed that is used specifically for the performance 
of work or for the production of meat, milk, or eggs. 

In factoring the total feed cost of work, meat, milk, or eggs it is 
very desirable to be able to measure or estimate the economic mainte¬ 
nance requirement. Furthermore, there are times when it is desirable 
to feed merely for the maintenance of live weight. For these reasons 
practical methods of measuring or estimating the economic mainte¬ 
nance requirement are of value to the student of animal nutrition ami 
to the animal husbandman. 

The simplest method of determining the economic maintenance 
requirement of an animal is to ascertain by trial and error just how 
much feed it must consume each day to keep from losing weight. 
This method is applicable to adult animals but not to growing animals, 
because normal growth and maintenance of live weight do not occur 
simultaneously in the same animal. Moreover, this method is riot 
very precise because an adult animal may consume a|)precial)ly more 
fee(? for several days than it needs for maintenance aiul still not show 
a gain in live weight. 

As yet no simple and dependable method has been devised for deter¬ 
mining the economic maintenance requirement of the growing animal. 
The method tentatively suggested by Hendricks, .lull, and Titus {oOJi) 
gives results that are definitely too low for all hut the final stages of 
growth. However, it is possible to estimate the economic maintenance 
requirement of a growing animal by assuming that it is proportional 
to the 0.85 power of the live weight. It has not been demonstrated 
that this assumption is valid, but its use will give an estimate that 
probably does not differ from the true value by more than 15 percent. 

If the average economic maintenance requirement of a group of 
adult animals of approximately the same live weight is desired, the 
following procedure may be followed: Carefully select at least eight 
animals of very nen.rly the same live weight and condition; roughly 
estimate the quantity of feed required daily for mahitenance; feed to 
one of the animals slightly more than this quantity of feed each day, 
and to the other seven animals eleven-twelfths, ten-twelfths, nine- 
twelfths, eight-twelfths, seven-twelfths, six-twelfths, and five-twelfths, 
respectively, of the quantity of feed fed to the first animal; continue 
feeding the eight animals at these levels of feed intake until the animal 
receiving the least feed has lost about 15 percent of its initial live 
we^ht. If more than eight animals are available, or if greater 
accuracy in making the estimate is desired, more than one animal 

< This section was prepared by Harry W. Titus, Senior Iliolopieal Chemist, Bureau of Animal Industry 
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may bo used at each of oue or more of the lii^Jier and lower lev('ls of 
feed hi take. 

Plot the change in live weight of each animal against the (juantitv 
of feed it consumed daily as in figure 1. Draw a siraight Ihu' through 
tlie plotted points, and the daily economic rnaintenanci' recpiinMiuuO 
will be the daily feed consurniition at the point wh(U(‘ the straight lin(‘ 
crosses the horizontal axis. If an estimate of the standard error of 



Figure 1 ,—Deiermiiiiiijji llir rcoiHmiir iiiaiiilriiuiirr ivqiiinriiieiil l>y friMlinj; at approx- 
iniatoly the iiiainlenaii<*e h*vel un<l at a s<*ries of siihttiainlenanc'e levels. 

this value is desired, the straight line, d^sr+i, may lx* fitt(*d to tlx* 
plotted points by the method of least s(juares and the standard error 
of i/s estimated in the usual way. In this etpiation, 
d is the chang(* in live weight; 

N is the slope of tin^ straight line; 
r is the daily feed allowance; 

i is the point at which tlie straight line intercepts tiu* d axis; 
and 

i/s is the point on the r axis at which it is intercepted by the 
straight Ihie and, hence, is numerically ecpial to the daily 
economic maintenance requirement. 

If the average economic maintenance requirement of a group of 
animals producing milk or eggs is desired, the general method ol 
Wood and Capstick {1252), or the modifications of Titus {1139) and 
of Brody {165),^ niay be used. However, as was shown by Hendricks 
and Titus {505), the original method of Wood and Capstick may yu'Jd 
questionable results and hence should be used with caution. Never¬ 
theless, this general method of attacking the problem of estimating tlie 
quantity of feed required for economic maintenance and for produc¬ 
tion holds much promise and deserves further study and ap|)lication. 

i Soc also paRos 12 to 2:i of th(« rt'^Tcnw' Riven in footiioU* 2. 

14131)4“ 31) 30 






GROWTH, FATTENING, AND 
MEAT PRODUCTION 


by 0. G. Hankins and Harry W. Titus' 


HERE is a disoussiori of som«* of the r-hanges that oonir in animals 
during growth and fattening- changes that affer-t the proportion of 
dressed carcass to total body weight, the proportion of edible meat, ami 
the fat content of lean tissues. The article includes an account of the 
mathematical forimdas propose*! for comjiaring the efficiency with which 
different animals utilize feed for growth—a proldem of great importanc*' 
in both feeding and brec<ling. 


From the statulpoint of animal nutrition, growtli is essentially a 
storage of protein. It is true that other substances are stored simul¬ 
taneously, and that water is stored in even greater quantity than is 
protein; nevertheless, the growth of an animal is peculiarly charac¬ 
terized by the increase in the protein content of its body. Since 
protein is the most valuable constituent of meat, it can readily be 
seen that the growth of animals—especially of cattle, swine, sheep, 
and poultry—is the basis of meat production. 

Aside from its importance in the production of food for man, growth 
plays an important part in man’s efforts to learn more about animal 
nutrition. For example, growth, or gain in live weight, is often used 
(1) to detect nutritive deficiencies, (2) as the chief criterion in com¬ 
parisons of two or more diets or feeding systems, (3) for the evaluation 
of the quality of proteins, and (4) in measuring the quantity of certain 
vitamins in feeding stuffs. 

The growth of an animal is most commonly measured by the increase 
in its live weight, although at times increase in height, length, or girth, 
or some other characteristic may be used. If the live weights of an 
animal at different ages are plotted against the corresponding ages, a 
growth curve similar to that in figure 1 is obtained; but if the same 
live weights are plotted against the quantities of feed required to 
attain them, the resulting curve is like that in figure 2. 

If, in a similar manner, the efficiency of feed utilization—the ratio 


• 0. O. Hankins 1^: Sonlor Animal Husbandman and Harry W. 'I'itus is Senior Biological Chemist, Bureau 
of Animal Industry. 
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of the gain in live weight to the weight of feetl rcKjiiired to produce 
the gain is plotted against age and against live weight, respectively, 
curves similar to those in figures 3 ami 4 are obtained. lOfficiency of 


Fif^iire /.- Tli« relation he- 
tueen live weight and age; 
the cross marks the point of 
inflection, at which growth 
reaches its maxiiniim rate. 



feed utilization is a straight-line function of live weiglit that is. it 
<leerea,ses in direct proportion to the increase in live weight and 



CUMULATIVE FEED CONSUMPTION 


Fignn* 2. —'I’he relation l>e- 
tucen live weight and c*ii- 
jijiilative feed consumption. 


this simple relationship makes comparisons relatively eas^'-. A 
method of measuring and comparing the etnciencies of individual 

^ For example, if it takes 3 pounds of feed to make 1 pound of ^ain in live wei^^.jt, tin* cfllcit'ney of f»*od 
utilization is one-third, or a little more than h.33. Thcefficioncy of feed ut ilization is always a fraction- that 
is, less than 1. 
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animals, or of groups of animals, in utilizing feed is presented in some 
detail, for readers with a technical background, at the end of this 
article. 



Figure 3 .—How the effi¬ 
ciency of feed utilization 
decreases as the age of the 
animal increases. 


In general, the growtli curves of most animals, with the exception 
of man, are very similar. In man the growth curve indicates that 


Figure 4.—How the effi¬ 
ciency of feed utilization 
decreases as the live weight 
of the animal increases. 



there are at least two major growth cycles,^ whereas in most other 
animals there is a single major growth cycle. This single cycle is 


^ In man the first cycle ends and the second cycle begins at the age of about 3^ years. The second cycle 
continues until growth is complete. 
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illustrated in figure 1, which shows that growth proceeds at an increas¬ 
ingly rapid rate until a certain point is reached, after which it pro¬ 
ceeds at a decreasingly rapid rate until it is completed. The point 
at which the rate of growth reaches its maximum, indicated by -|- in 
figure 1, is called the point of inflection. In some species of animals 
the first part of the cycle up to the point of inflection is relatively 
short, but in others the two parts of the cycle are of nearly equal 
length. 

Various factors, such as inheritance, relative completeness of the 
diet, and rate of feed consumption, affect the shape of the growth 
curve (fig. 1). Growth may readily he limited by limiting the feed 
consumption of an animal, but it is difficult, if not impossible, to 
stiniidate growth by nutritional means beyond the anirnars inherited 
growth capacity. 

Whereas the gains of the young growing animal usually are com- 
l)oscd largely of protein and water, those of the mature or nearly 
mature animal consist mostly of fat. It usually is not possible, how¬ 
ever, to fix any definite point as the one at which growth ceases and 
fattening begins. This is because the character of the gain varies 
during both the early and the late stages of growth, and, normally, 
the change between the period when the gain is mostly protein and 
the period when it is mostly fat is not abrupt but gradual. 

The changes in the character of the gain as the animal grows and 
fattens are reflected strikingly by changes in the ratio of carcass 
weight to the weight of the entire body and in the various characteris¬ 
tics of the carcass and its components. These latter changes are of 
particular interest and importance as they occur in meat animals. 
It is the purpose of this article to set forth the principles involved in 
the more important phases of the subject and, so far as space will 
])ermit, to present examples of their application to different species of 
meat animals. 

EFFECTS OF GROWTH AND FATTENING OF MEAT ANIMALS 

PROPORTION OF ORESSEO CARCASS TO TOTAL BODY WEIGHT 

One of the most obvious and best known of the changes that accom¬ 
pany growth and fattening is the increase in proportion of dressed 
carcass based on live weight of the animal, or the ratio of carcass 
weight to the weight of the entire body. This point is well illustrated 
in figure 5, which presents results from more than 5,000 normally 
fed hogs that varied from approximately 00 to 380 pounds in final 
feed-lot weight. It is of marked interest and significance that with 
this increase in weight, when accompanied by normal change in the 
character of the gain, the proportion of carcass, or the dressing per¬ 
centage, increased from about 67 to 80 percent. This means, for 
example, that whereas the average 100-pound pig may be expected to 
yield about 71 pounds of dressed carcass (which in the case of this 
species includes the head), the 200-pound hog may be expected to 
produce approximately 152 pounds of dressed carcass, or 10 pounds 
more than twice as much as the 100-pound pig. Likewise, the 300- 
pound hog would yield a dressed carcass weighing approximately 
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237 pounds, or about 24 pounds more than tlirco times as much as 
that of the 100-pound pig. Such dispioportionate increases in car¬ 
cass weight mean much in the livestock and meat industry and to the 
consuming public, mainly because they represent similar increases in 
the proportion and energy value of the edible proiluct and, generally 
speaking, in monetary value. 

The dressing yields of cattle range from approximately 42 to 60 
percent and those of unshorn lambs from approximately 33 to 53 
percent. The dressed weight of chickens, after bleeding and picking, 
is about 80 to 93 percent of the live weight; and the full drawn weight— 
the weight after bleeding and picking, removal of the head, feet, and 

entrails, and replacement of 



60 too 140 180 220 260 300 340 380 

final feed-lot weight (POUNDS) 


Figure 5 ,—Final feed-lot weight and drcHHing 
percentage of hogs increase together. Crosses 
represent averages of the several final feed-lot 
weight groups considered in the study. 


the lieart, liver, and empty giz¬ 
zard is approximately 60 to 
87 percent of the live weight. 

PROPORTIONS OF PARTS OR CUTS 

After considenng the in¬ 
crease in proportion of dressed 
carcass as a result of grow'th 
and fattening, it is logii'al to 
give attention next to the 
changes that occur in the pro- 
portions of the dilTerent parts 
of the carcass. For the present 
purpose these parts probably 
arc best represented by the 
coinmon primaiy cuts, such as 
leg, loin, rib, shoulder, breast, 
and neck in the case of lamb. 
1''he public is accustomed to 
t hink of the carcass in terms of 
these cuts and is familiar with 
(heir resiicctive advantages 
and ilisadvantagos as well as 
the relative consumer demands 


for them. Any signilicant increase or decrease in proportion of a cut, 
especially if it is a major cut, is a matter of dclinite importance, 
mainly because of its effect on carcass value. 

Tables 1, 2, 3, and 4 indicate some of the changes in proportions 
of cuts that occur with growth and fattening of hogs, cattle, lambs, 
and chickens, respectively. It will bo noted (table 1) that as the hog 
grows and fattens the percentages of ham, loin, shoulder, and head 
cut from the dressed carcass decrease. JJam and loin are two of the 


3ork cuts for which there is greatest demand and which arc relatively 
ligh in price. Shoulder is intermediate in this respect, while the 
lead represents relatively low-priced product and therefore a 
reduction in the percentage of that cut is an advantage rather than a 
disadvantage. On the other hand, the table shows increases in bacon 
and cutting fat, those in cutting fat being remarkably large. While 
increase in bacon is desirable and represents an improvement, more 
fat ordinarily is conadered undesirable. 
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Table 1. — Av(*rafip percentages of certain parts of hog carcasses classified according to 

live u'eight of animal ^ 


Data for ho^is weifjhinji— 


Uogs, carcasses, and parts 


j 1 

1 Less than | 
1130 pounds 

130 to 159 
pounds ' 

100 to 199 1 
pound.s 

2(M) to 249 
pounds 

250 pounds 
or more 

Hogs... - 

number 

‘ 20 

41 1 

199 1 

240 

92 

.Average live weight at slaughter. ... 

.pounds. 

106 

146 

183 

! 218 

289 

Average weight of chilled carcass_ 

_do... 

- 78.0 

116.0 ! 

140.0 j 

177.5 

2:48. 5 

Hams___ 

2 percent 

1 19.9 i 

18.4 1 

IS. 4 1 

17. 5 

17.0 

Tioins . .. _ _ 

_do... 

-1 13.2 

12. 2 : 

12. 1 

11.0 

11.0 

Bacons_ . _ _ 

....do 

1 9.4 

10. 1 1 

10.8 

11. 4 

11.9 

Shoulders (3-rib, full cut)... 

_do . 

1 18.5 

17.7 1 

17.4 

17.0 

10. 7 

Head__ 

_do.. 

.! 10.7 

9.8 1 

9.4 

S.9 

8.5 

rutting fat 3..... 

_<lo .. 

' 10.9 

15.0 1 

10 8 

19.5 

i 21.5 


• Data from Warner, Kllis, hikI Hjjwo (llSi, p. * 

2 Poreontages of parts base<l on wei}?ht of chilled carcass. 

3 ronsistinp of back fat, leaf fat, an<l fat trimininps. 


The results of a cooperative study by the Michigan Agricultural 
Experiment Station and the Bureau of Animal Industry showed, in 
part, that the percentage of prime rib cut of Hereford steel’s, based on 
empty-body ® weight, increased with increase in fatness of the animals 
(table 2, fig. 6). The percentages of plate, flank, and short loin also 
increased, while the percentages of round, loin end. and foreshank 
decreased. In chuck there was no definite trend, and in rump the 
percentage tended to increase although the change was small. 


Table 2. —Average percentages of certain parts of carcasses of full-fed Hereford steers 
classified according to fatness^ and average u'eights of the animals and carcasses - 


Data f(»r carcasses contaiiiinir indlcabul prof)ortioiis of fa» J 


Steers, carcasses, and [lartt 


12 to 15.99 
IHTcent 

_ 

16 to I9.int 
ptTcent 

_ 

20 to 23.99 
perc‘^nt 

24 to 27.99 
t>ercenl 

28 to 31.99 
percent 

32 to 35.99 
percent 

Steers.. 

number. 

4 

s 


11 

f) 

2 

Final feed-lot weight__ 

.pounds 

t)04 

748 

709 

809 

883 

972 

Live weight at slaughter.... 

....do . 

,593 

723 

740 

789 

850 

944 

Frnpty-body weight_ . 

do 

557 

079 

711 

751 

832 

918 

f hilled carcass W'‘ight _ 

_do.. 

:442. 0 

425. 5 

4 : 43 . 8 

477. 1 

,533. 1 

003 0 

Parts of carcass—percent of empty-body 
weight: 

Forequarters....pcrtviit.. 

31.00 

31.54 

31. 19 

32. 14 

32. 58 

3 : 4 . 22 

Prime rib cuts__ 

... do 

,5.15 j 

5. 36 i 

5. 30 

,5. 75 j 

5. 91 

6. 2(1 

('bucks___ 

....do... 

16.66 

16. 73 

16 IS 

10. 29 j 

16. 73 

10. .39 

Plates.-. 

.. .d(» 

6.67 1 

6.98 

7 22 

7. 82 ! 

7 91 

8. 45 

Foreshanks.. 

_do.. . 

2. 00 

2. 43 

2. 32 

2. 17 

2. 10 

2. 05 

Hindquarters-- 

... do . 

29.11 

30. 41 

29. 25 

:to. 77 

31 00 

31. 70 

Hounds_- -. 

. ..do_ 

1 : 4 . 32 

12. 99 

12. ,50 

12. 02 

12. 03 

11.09 

Rumps...-. 

. . do ... 

2. 93 

2.93 

2. 83 

2. 97 

2, 99 

3 01 

Flanks.... 

.. .do.. 

2. 30 

2. 99 

2. 92 

3. 55 

3. 05 

4. 15 

Loin ends... . 

_do.. . 

5.84 

5. 74 

5.23 

,5. 50 

5. :49 

5 32 

Short loins..... 

....do.... 

5. t)6 

,5. 78 

,5. .57 

6. 40 

0. 73 

8. 13 


* From unpublished data of the .Michigan Agricultural Experiment Statioti and the I . is. Bureau of 

Animal Industry. ^ ^ 

* The 30 steers ranged from approximately 11 to I* months of age at slaughter. 

3 Based on ether-extract content of right side. 


* Italic numbers in parentheses refer to Literature filed, p. 1075. , n n fc uc tim 

5 The entire animal exclusivi' of the contents of the stomachs, intestines, and bladder is known as the 

“empty body “ 





























Figure 6 ,—Rib cuts illustrating growth and fattening of cattle associated with increase in live weight'froin approximately 600 to 900 pounds. 
This increase in size also represents an increase in the proportion of this important cut in the carcass. 
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Tabic 3 shows that with an increase in the carcass weight of lambs 
from approximately 22 to 48 pounds, which was accompanied by a 
change from “thin” to “fat,” there was a tendency for the percentages 
of leg, shoulder, neck, and probably breast to decrease. Only onc'^of 
these four cuts—the leg—is included among the most preferred cuts 
from the lamb carcass. On the other hand, the rib and loin tended 
to increase, and both of these cuts are very popular and relatively 
high in price. 

Table 3 .—Average prrrrnt/jfies of cerUiin parts of lamh carcasses classified 

according!, to fatness ^ 


('fircasscs and parts 


farcassi's . mini bur. 

Avt'rtmt' ofobilltMl 

carcass pounds, 

'I'riinintMl Icfrs.-iicrccnt. 
llib cuts (li-rib) ..do.. 


Data for carcassos con¬ 
taining indicated pro¬ 
portions of fat 2 


r rider 
20 

[HMceiit i 

20 to 34 
pto cent j 

35 

1 iiercont 
or more 

111 

19 

10 

21.9 

34. 4 

47.5 

110. 17 

25. GO 

2G. 1 i 

15.111 

1G.H3 

17. 92 


(’arcas.'^cs and part'* 


Shoulders (l^-rib) 

percent 

liOins. __^_do. . 

Veck....do 

Breast-_..do_ 


Data for carcass(*s con¬ 
taining; indicated pro- 
l>ortion‘< of fat ^ 


I'nder 

20 

percent 

20 to 34 
Iiercent 

35 

Iieicent 
or more 

19. 73 

19. 53 

18. SO 

7. 64 

9.08 

9. 78 

3. 89 

3.28 

2.91 

15.32 

15.36 

11. 83 


* Krorn unpublished data of (I. S. Bureau of .\nimal Industry. 

- Based on ether-extract content of edible portion. 

Table 4 shows that as the live weifjht of White Plymouth Roek 
cockerels at the Illinois Agrieultural Experiment Station (707) increased 
from 0.5 to 7 pounds, tlie weight of the legs above the hock and of the 
torso, when expressed as percentage of the empty-body weight, 
increased materially. The percentage of skin increased to some 
extent, while that of wings tended to decrease after the birds attained 
a live weight of 3 pounds. No distinct trend in percentage of neck 
was observed. 

'Pabi.e t.- in^rage percentafies based on empty-body iceigbt of parts of carcasses of ITy 

If bite l*lymouth Rock and 70 If bite Lefthorn cockerels at increasitifi nvi^hts and siafies 

of ffrowth and fatteniiiff 


Data far birds of approximate slau};htcr wciiiht of - 


Breed of chickens and parts 
of carcass 

0.5 

1 

1.5 

2 

3 

1 " " 

4 

5 

1 6 



pound 

pound 

pounds 

poundsj pounds 

pounds 

Iiounds 

j pounds pounds 

White IMvmouth Bock; 

Percent 

Percent \ Percent Percent \ Percent 

/*ercent 

Percent 

Percent 

Percent 

Skin... _ 

6.5 

7.8 

7. 7 

7,3 

7. 0 

7.4 

8. 1 

7.6 

8. .5 

Neck_ 

3.7 

3.5 

3.3 

3.9 

3.7 

3. 7 

3.4 

3.4 

3.4 

Legs above* hock_ 

16. 2 

IS. 0 

19.0 

20.2 

21.5 

22.1 

22. 1 

22.2 

24.9 

Wings.. . 

6.5 

6.4 

6.3 

6.4 

6. 7 

6.6 

5. 9 

5.9 1 

5. 1 

Torso___ 

21.3 

22.5 

22.4 

22.0 

2.3.4 

24. 6 

2.5. 0 

26.4 1 

26. 9 

White Lt'ghorn: 

Skin__ 

7.08 

6. 52 

6.47 

6. 43 

6. 82 

7. 16 

6. 65 1 



Nock_ 

Legs above hock_ 

3.59 

15.60 

3.61 
17. 30 

3. 24 
18. 80 

3. 21 
19. 70 

3.34 

21.20 

3. 10 
20. <H) 

2.85 1 
21.60 1 



Wings_ 

9^or.so 

6. 65 

6. 93 

6.98 

7.03 

7.29 

6. 74 

6. 41 I 



20. .50 

23. 30 

24.00 

25.10 

25. 40 

26. 60 

26. 70 i 





1 






With White Leghorn cockerels, likewise, at the Illii.ois Agricultural 
Experiment Station (798), marked increases were noted in the propor- 
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tion of legs above the hock and of torso. No definite trend of the 
percentage of skin was found, but the percentage of wings increased 
up to a live weight of 3 pounds and then decreased. The proportion 
of neck decreased slightly. 


CHEMICAL COMPOSITION OF MEAT ANIMALS 

The chemical composition of the empty body of meat animals is 
generally regarded as the most significant measure of the stage of 



Figure 7 .—The percentages of water, protein, and ash in the empty body of hoes 
decrease ami the percentage of fat increases as the animals increase from approximately 
50 to 325 pounds in eiiipty-hody weight. Crosses represent averages of the several 

weight groups consideren. 

growth or fattening that has been attained by the individual animal. 
But probablv the greatest significance of chemical composition and 
the changes m it associated with growth and fattening is as an index 
of the nutritive value of the edible product from meat animals for 
human consumption. 

Chemical composition is usually expi'essed in terms of the percent¬ 
ages of protein, water, fat, anil ash or mineral matter. As previously 
indicated, the gains of the younger gi’owing animal are usually com¬ 
posed in large part of protein and water, whereas those of the more 
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mature or nearly mature animal consist mostly of fat. In conse¬ 
quence, as the live weight increases beyond a certain value it is 
generally true that the proportions of protein and water in the animal 
tend to decrease and the proportion of fat to increase. The propor- 



b'igiirv 8 .—The |i€rceiilage of water in the empty bod) of While Plymouth Rock 
cockerels decreases and the perceiilages of protein, fat, and ash increase as the chickens 
increase from approximatel) 200 to 3,200 grams in empty-hody ueight, or 0.5 pound 
to 7 pounds in live weight. Crosses represent averages of the sev'eral weight groups 
considered. (Based on data from Illinois Agricultural Experiment Station Bulletin 

278(797).) 

tion of mineral matter does not change greatly but under usual con¬ 
ditions decreases slightly. 

The changes in composition that generally occur are well illustrated 
ill figure 7, which shows the change in the composition of hogs ranging 
from 50 to 325 pounds in empty-body weight. The changes in water 
and fat content are striking.' The water content decreased from 
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approximately 60 to 35 percent, while the fat (ether extract ®) content 
increased from about 20 to 55 percent. At tlie empty-body weight 
of approximately 230 pounds the water and fat percentages were 
equal. Accompanying these changes in water and fat content, tlie 
protein decreased from about 16 to 10 percent and the mineral matter 
from about 3 to 2 percent. 

Such infonnation gives a quick, reasonably satisfactory, though 
somewhat rough, estimate of the relative nutritive values of the edible 
portion of the hog at different stages of growth and fattening. For 
example, based on values in figure 7, calculations show the caloric or 
heat value per pound of the 250-pound hog to be approximately 25 
to 30 percent peater than that of the 150-pound hog. The differ¬ 
ence is due mainly to the higher percentage of fat in the heavier hog. 
More accurate estimates, of course, can be made in cases where the 
composition of the edible portion itself is known. 

Exceptions to the general rule relating to changes in chemical com¬ 
position, indicated above, are known to exist. ^ example of such 
exceptions is found in data obtained at the Illinois station in work on 
chickens. As shown in figure 8, accompanying a decrease in water 
content from approximately 70 to 60 percent there was a tendency 
not only for fat but also for protein and ash to increase in percentage, 
associated with an increase in live weight of White Plymouth Rock 
cockerels from about 0.5 pound to 7 pounds. Thus it is shown that 
the decrease in water content, which ap])ears normally to be a function 
of growth and fattening, is not always compensated for, in its entirety, 
by increase in fat content. Such variations are believed to be due to 
species differences. 

DISTRIBUTION OF FAT 

As is rather generally known, animals do not store fat evenly 
throughout their bodies. The fat is normally deposited at widely 
varying rates in different parts of the body, which results in marked 
vanation in the proportions of fat found in different parts when the 
animal is slaughtered for meat. This fact is obviously not only of 
scientific interest, but also of definite practical significance through 
its effect on the food and energy values of the meat from various 
parts of the animal body. 

Figure 9 shows the changes that occurred in the percentages of fat 
that could be separated from the rib, loin, breast, nock, shoulder, and 
leg cuts of lamb, while the separable-fat content of the dressed carcass 
increased from approximately 5 to 37 percent. At low levels of the 
latter there were only small differences between the several cuts. 
However, generally speaking, the fat content of the cuts soon began 
to diverp, with the rib, loin, and breast tending to group themselves 
at a higher level of fatness and the neck, shoulder, and leg cuts at a 
lower level. It is also noteworthy that when the separable-fat 
content of the carcass became about 22 percent, that of the leg began 
to fall below that of all other parts. After the separable-fat content 
of the carcass attained a value of approximately 28 percent the rib 
cut tended to be fatter than all other cuts. At the extreme of 37 
percent in separable-fat content of carcass there was a difference of 

« “Ether extract” is often used interchangeably with “fat” because in the analysis of foodstuffs the total 
material extracted by ether is largely fat. 
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about 30 percent between rib, the fattest cut, and leg, the cut cou- 
(aining the least fat. The loin tended to be next to the rib in fat 
content, but at high levels of carcass fatness the gains in the forniei' 
did not keep up with those of the latter. Breast, neck, and shoulder 
were intermediate at the high levels of carcass fatness ami were not 
greatly different from eacii other. 



42 CARCASSES ARRANGED IN ORDER OF INCREASING FATNESS 

I'lgure 9 ,—Comparative inereases in the separable-fat roiitciit of rib, loin, bri'asl, 
nerk, siioiilder, aiul leg cuts of lamb as the separable-fal content of the dressed carcass 
increases from approximately 5 to 37 percent, (leased on impublisbed data of the 
IJ. S. Bureau of Animal Industry.) 


FAT CONTENT OF LEAN TISSUE 

Although it is believed to vary greatly with species, the ability of 
animals to store fat within their muscle or lean tissues is of much 
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interest and significance. Considering the heat or energy value of 
fat per unit of weight to be about 2.2.'5 times tliat of other energy- 
producing nutrients, it is obvious that when fat occurs in muscle the 
energy value of the “lean meat” is materially increased. Moreover, 
intramuscular fat is regarded as having an influence on several other 
quality factors of meat, including color, firmness, and marbling of 
lean and beliavior in cold storage, or the ability to withstand storage 
at a temperature slightly above the freezing point for a relatively 
long period without spoiling. It is even believed to have an effect on 
some of the palatability factors of cooked meat, such as the quality 
or richness of juice. 

Graphic evidence of the occurrence of fat (ether e.\tract) in muscle 
or lean tissue and of the changes in amount of this fat associated with 
increase in fatness of the dressed carcass is presented in figure 10. 
These results were obtained on high-grade yearling Hereford steers 
as a part of a. cooperative study by the Michigan Agricultural Experi¬ 
ment Station and the Bureau of Animal Industry. It will be noted 
that the fat of the “eye” muscle, which is the large back muscle, ranged 
from about 1.8 to 6..5 percent while the fat of the entire dressed car¬ 
cass ranged from about 12 to 34 percent. Of special interest is the 
fact that the relationship is much better represented by a curve than 
a straight line. The curve shows that the fat content of the muscle 
increased relatively much faster after the fat content of the dressed 
carcass had reached 24 p('rcent than at lower stages of fatness. 



FAT (ether extract) IN DRESSED CARCASS (PERCENT) 

Figure 10 .—Fatness of “eye” niuscile increases more and more rapidly as the fatness of 
the dressed carcass of high-grade yearling Hereford steers increases from approximately 
13 to 33 percent. (Based on unpublished data of the Michigan Agricultural Experi¬ 
ment Station and the U. S. Bureau of Animal industry.) 


PROPORTION OF EDIBLE MEAT 

The proportion of edible meat in the animal body or in the dressed 
carcass is one of the most interesting and significant of the factors 
which reflect growth and fattening of the animal. It is important 
not only from the scientific point of view but to all branches of the 
hvestock and meat industry. Moreover, it directly concerns every 
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Fiflurv 11 ,—Kalio of edible 
meal to bone increases more 
and more rapidly as the 
(nnpty-body wcdglit of bigb- 
gra<le yearling Hereford 
steers increases from ap- 
[)ro\imalcK^ S0() lo 93S 
pounds. Crosses represent 
averages for the steers as 
grouped at !)0-pound inter¬ 
vals of ernply-body weight. 
(Based on unpublished data 
of the Michigan Agricul¬ 
tural Kxperiment Station 
and the TJ. S. Bureau of 
Animal Industry.) 



EMPTY- BODY WEIGHT CPOUNDSj 



EMPTY-BODY WEIGHT (GRAMS) 


lUffurr 12 .—Ratio of edible meal to bone increases more ami more rapidly as the 
empty-body weight of White Plymouth Rwk coi-kerels increases from approxinialely 
200 to 3,200 grams, or the live weight from atiproximately 0.3 pound to 7 pounds, 
flrosses represent averages of the several weight groups considered. (Based cm data 
Iroin Illinois Agricultural Experiment Station Bulletin 278 (797).) 
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person or family purchasing and consuniing a cut of meat. It goes 
almost without saying that the proportion of edible meat or, more 
specifically, the ratio of meat to bone in the chop, steak, or roast, and 
therefore m the dressed carcass or entire body, is a matter that com¬ 
mands and receives basic consideration. With fatness, which of 
course also has a definite bearing on the proportion of edible meat, 
this factor plays a large part in determining the economy of meat 
purchases. 

Figures 11 and 12 illustrate changes in this factor that have been 
observed in cattle and chickens, respectively. It is interesting that 
in both cases the relation between ratio of edible meat to bone in the 
dressed carcass and weight of empty body is represented by a curved 
line, indicating that at heavier weights the relative rate of increase in 



ETHER EXTRACT IN ANALYZED RIGHT SIDE (PERCENT) 


Figure 13. Comparative 
inrreases in weights of edible 
meat, lean, fat, and bone 
from the right side of high- 
grade yearling Hereforil 
steers, associated with 
growth and fattening repre¬ 
sented by increase in etlier- 
exlract content of from 
approximately 13 to 33 per- 
rent. Crosses represent 
averages for 4-percent in- 
lervals of ether-extract con¬ 
tent of analyzed right side. 
(Based on unpublisned data 
of the Michigan Agricultural 
Experiment Station and the 
U. S. Bureau of Animal 
Industry.) 


the proportion of edible meat was much greater than at lighter 
weights. Of course, it is rather generally recognized that fattening, 
as distinct from growth, plays a large part in this. The importance 
of fat is well illustrated by figure 13, in which it will be noted that the 
increase in weight of fat from the analyzed side of steer cattle is only 
slightly less rapid than the increase in weight of edible meat. These 
changes are associated with growth and fattening and represent an 
increase in the ether-extcftct content of the analyzed side from approx¬ 
imately 13 to 33 percent.^ 

Further examination of figures 11 and 12 shows that associated 
with the indicated increases in empty-body weight was an increase 
of approximately 50 percent in the ratio of meat to bone in cattle 
and of approximately 55 percent in chickens. 
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MEASURING THE EFFICIENCY OF UTILIZATION OF FEED FOR GROWTH^ 


The need for a simple but accurate method of measuring and comparing the 
efficiency with which animals utilize feed for growth has been recognized for a 
long time. Such a method would be of great value to both the geneticist and 
the nutritionist. The geneticist could use it as an aid in selecting strains of the 
different meat-producing animals that would be more efficient than the average 
in converting animal feed into human food, and the nutritionist could use it for 
comparing the growth-promoting and other values of different diets or rations. 

Varif)us methods of measuring the efficiency of utilization of feed for growth 
have been proposed, but most of them are of restricted applicability and some arc 
too complicated foi practical use. A method that offers much promise was 
developed from the growth studies of Titus, .lull, and Hendricks {ll^S) and has 
been discussed recently by Lambert, Ellis, Black, and Titus {667). Tn applying 
this method, the data of the ordinary feeding exp(Tiincnt may be used, but the best 
resuUs are obtained only w'hen the utmost care is excTcised in measuring the feed 
consumption aiid the resulting gains in live weight. 

This method is based on the fact that tin' equation of the curve of diminishing 
inenunent expresses with a high degree of accuracy the relationship between live 
W(ught and feed consumption, a fact which was first pointed out by Spillman (1095 ). 
The e(|uation of the curve of diminishing increment, as applied to the relationship, 
may be written— 

' w— A — __ _ __ _ __ ( 1 ) 

in which 

w) is the live w(‘ight after any (piantity of feed, /, has been consumed; 

A is the maximum live weight attainable as a n'sult of growth, but not as a 
result of fattening; 

B is the total gain in live w^cight that is made in reaching the maximum live* 
weight; 

c is the base of the natural system of logarithms; 

k is a .constant which is a measure of the rate of decreast' in the efficiency of 
feed utiliisation; and 

f is the quantity of feed that is required for attaining any live weight, w. 

The first derivative of ecpiation (1) is 


dll) 

df 


= kA — kw- 


(2) 


Obviouslv, jy mav b(» defined as the efficienev (K) of fei*d utilization for growth, 
' ' df ' 

because; it rejn-esents tin' gain in live weight per unit weight of feed consumed. If 
for simplicity, K is written in place of and c in place of ^*A, equation (2) be¬ 


comes— 


E^c ’kw 
in which 


(3) 


E is the efficiency of feed utilization for growth, i. e., the gain in the live 
weight per weight unit of feed consumed; 
c is the maximum efficiency of feed utilization for growth; 
k is a measure of the rate of decrease in the efficiency of feed utilization; and 
w IS the live weight at which the efficiency of feed utilization is being meas¬ 
ured. 

Inasmuch as E~c~kw is an equation-of a straight line, it may be written 

___( 4 ) 

or 

_ _ _ _ 


in which 

7 Th5 following pages are Intended primarily for students and others interestea m the technical asiK'cts 
of the subject. 

141394*—39-31 
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E is the average efficiency of feed utilization while the live weight is chang¬ 
ing from Wi to iV 2 a result of the quantity of feed (/2 ’~/i) having been 
consumed; 


c and k hav^e the* same significance as before*, anel 
w is the average of any two live weights, such as ?/’i and uu. 

The usual method of dividing the total gain in live weight by the total weight 
of feed consumed yields a measure of the average efficiency of the utilization of the 
feed for growth: but it must be recognized that this average valiu* gives no indica¬ 
tion of how the efficiency changed during the period the feed was being consumed. 
Thus, two animals may l)e equally efficient in their use of feed at one age but 
very unlike at some oth(*r age. However, the nu'thod presented here permits 
determination of (1) the initial efficiency, i. e., the efficiency when the first feed 
was eaten, (2) the rate at which the efficiency d(^creased as the live weight in¬ 
creased, and (3) the efficiency at any live weight within the range for which data 
were obtained. 

In order to apply the method it is necessary to have the following data: (1) The* 
live weights of an animal, or grou]) of animals, obtained at appropriate intervals, 
the number of which should be as large as possible, preferably not less than seven 
or eight; and (2) the cumulative weights of feed consumed up to each tinu* the 
animal, or group of afiimals, was weighed. 

A typical set of data is given below: 


Live weight, w 
Pou n da 
6. o 
11. 4 
18. h 
2(1. 0 
32. 8 
38. 7 
42. 3 


Cumulative* h‘i'd eonsiimption, f 

Pnujids 

0. 0 
12. 7 
31. () 

55. 9 
83. I 
112 . 2 
1 13. 0 


The first step is to compute* the average weights and the* average e*fficie*neie*s. 
This is done as follows: 


average* weight, 

E, the* ave*rage* e*ffieiency. 

e)r 

or 

W2 1’ 


2 

}'i fi 

8. 95 

0. 385S 

15. 00 

. 3810 

22. 30 

. 3045 

29. 40 

. 2500 

35. 75 

. 2027 

40. 50 

. 1109 


The nume^rical measures of efficiency of feed utilizatie)n are then estimated by 
the methe)d of least squares, as indicated in table 5. 


Tablk S. —Estirnation of the values of r and k hv the niethmi of least squares 


a 

h 

(w) 

/ 

(E) 

.y 

bh 

hi 

bn 

\ 

8. 95 

0. 380 

10. 336 

80.1025 

3. 45470 

92. .50720 

l 

15.00 

.;381 

16. 381 

225. (KXK) 

,5. 71500 

24.5. 71,5eK) 

i 

22. :30 

.305 

23. 605 

497. 2900 

6. .80150 

526. :3915() 

1 

29. 40 

.250 

;30. 650 

864. 3600 

7. 35000 

901. IIOOO 

1 

35. 75 

.203 

.36. 9.53 

1,278. 0625 

7. 25725 

1,321.06975 

1 

40. ,50 

. U7 

41.617 

1.640.2500 

4. 7.38.50 

1. 685. 488.50 

6 

151.90 

1.642 

159. 542 

4. 585.0650 

35. 31695 

4, 772. 28195 

or 

or 

or 

or 

or 

or 

or 

(aa)\ 

(flfe)i 

(a/), 

(w)i 

(55) I 

(5/)i 

(52)i 
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Chocks: (aa)i-^(ab)]-{-(al)i^(as)i and (ab)\-\-(bh)i ]-ihl)i=^(hx)i. 
(bb)2-=(bb)i (a/di-4,rjS5.()rt50- !)()-7:W.4«:«. 

(bf)2^(bl))-^^^ (a/)j -'^^1.642- - 6.2.W0I6. 

{U(l)\ 6 


{hi) 2 -6.25:^016 

(bb)2~" 73h.46:« " 


0 iM)s4r)(‘.. 


c 


(ah)i 

iaa)\ 


hr-V ■ ■6.214()H + 0.27;i66 - n.4H7' 


The standard iTrors of c and k may now h(‘ oompntod. The numerical values 
of c and which have just been obtained, are subst itutcnl in tlu‘ ecjuation, E c 
kw^ yielding the e(|uation, 0.488 —0.0()84() from which valuijs of may be 
calculated by inserting the values of w given in tin* seco?id tabulation on page 466. 
The subseqmuit cominitations are indicated in table 6. 


Tabi.k 6. — Estimation of tlw standard rrrors of r and k 


7*. observed | i 

H 1 r III Htc*d 

E„-Kr ' (Ko-KrY 

nheorv ed 

cbIc ulnlod ~ 

(iCo-Kcyi 

0. :W5S , 
.3810 , 

. 304r. 

. 2.'>00 

0.4121 ' 
.3609 i 
. 2992 ' 
.2391 i 

-0.0263 1 0. (MKJ69169 

+ . 0201 ! 00040401 

-f. 0053 1 .(X)002809 

4- 0109 (¥1011 SKI i 

0.2027 1 
. 1169 ,• 

0. IS51 +0.0173 
1453 -.0284 

■| '■ 

0. 00029929 
. (¥K)S0656 

'I'ulal . ' 


(KV234845 

t *—— - -*■ 

n—n 

().(M)234S4n 

6—2 

—0.(MK).'»S71125. 





n IS lht‘ iHinihor of obsor\ations u.sod in ohiaiiuiiii* Iho nmIuos oj k and (6 in Uii.s caso); and 
n is tlio nninbor of constants in the ('({nation. K -c lur (2 in this cas«'). 


Sttindnrd error of k- 


\ (hh).j 

o.ooor.s? 112') 

' \ "'739.4(13;} 

- v0.000()()()79397l -0.000K9I. 


Slandanl error of c - ^ U)l>) 2 (nn)i 

y (hh)i 


0.090.587112.5 
\ 0.9()7().5912 

v'0.0()0fi0(i734S 0.02l(i3. 


'rim,', we have: 


c 0.488 10.02.5, and 
/t = 0.0084()L 0.00089. 

'I'he initial efficiency, which is the efficiency when the first feed is fed, is cenn-. 
pnted by inserting the live weight a( the tinu' of the first feeding in place 
in the equation E— c- kw. in the pre.sent example wo get: 
i?initi«i -■0.488-0.00S46\6..5--0.433. 


of w 


ESTIMATING COMPOSITION 

In most instances, the results of a study on growth or fattening cannot be 
regarded as complete unless thev include information on the oomiTOsition ot the 
animal body, or at least of the dressed carcass. Measuring growth or fattening 
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in terms of live weight or by the (ietcnninati( method and fiirnifhes 

width, length, and girth of the animal is at best an ina ..ninial How- 

uiilv a rough approxiimitiou of the uuiritive value of t e ' , ‘ j ii • 

ever, the analysis of the entire body or carcass cliemically, oi e\tn ph\s call}, i 
tinic-consuining and expensive. For that reason many research workers are 
interested in short cuts or in sinij)lifjed methods that will enable them to estimate 
composition, or certain factors thereof, with satisfactory accuracy. A mimber 
of investigators, recognizing this interest and need, ■’hav'e worked on the problem, 
and several methods of this nature have been devolo])ed. Examples are pr(‘- 


sented below. 

Lush reported that the relation between the fat content of the entire live 

animal and the dressing percentage in steers w^as represented by a correlation 
coefficient of H 0.84. "riie estimating equation w-as found to be as follows: 
Percentage of fat in entire live animal equals 1.782 times dressing percentage 
minus 80.40. 

It was also reported by Lush that in steers the relation between the fat content 
of the entire live animal and the percentage of caul fat based on live weight was 
represented by a correlation coeflicient of +0.80, with the relation between the 
percentage of bone in the drevssecl carcass and the percentage of leg bones based on 
live weight represented by the coefficient f 0.95. In the former instance the esti¬ 
mating ecpiation was: Percentage of fat in entire live animal equals 14.55 tinu's 
percentage of caul fat based on live weight plus 5.19. Tlu' ecpiation in the lattt'r 
instanc(‘ was as follows: Percentage of bone in dressed carcass equals 0.04 })lus 
10.22 times percentag(‘ of leg bones based on live weight. 

Warner, Ellis, and Howe (1182) determined that in hogs tlu' relation between the 
percentage of fat in the edible portion of the dressed carcass and the combined 
w^eight of the cutting fat deaf fat, skinned fat from trimmings, aiul skinned Imck 
fat) and belly, expressed as a percentage of the weight of the entire cold dressed 
carcass, was represented by the correlation coefficient | 0.91. The following 
e(|uation was developed: Percentage of fat in edible portion of carcass ecpials 
5.57 plus 1.54 times percentage of cutting fat and belly i)ased on carcass weight. 

Hankins and Ellis (470) found the percentage of fat in Hu* t*dible [)ortion of the 
carcasses of hogs and the average thickness of l)ack fat to have a correlation enefli- 
cient of -j-0.84, and developed the following equation for estimating the form(‘r: 
Percentage of fat in edible portion of carcass equals 22.45 ])lus 0.091 times av(*r- 
age thickness of back fat, in millimeters. 

Workers in the Bureau of Animal Industry found ^ a correlation of +0.98 be- 
tw’een the fat (ether extract) content of the (*dible portion of rlr(i.ss(*d lamb car¬ 
casses and the percentage of the same component of the edible portion of nine-rib 
cuts from such carcasses. The same correlation value was found to represent the 
n'lation between the sejiarable-fat content of lamb carcass(‘s and the separable-fat 
content of the nine-ril^ cuts from such carcasses. The respective ecpiations de¬ 
veloped are as follows: Percentage of fat (ether extract) in edible portion of car- 
ca.ss e(|uals 3.58 plus 0.73 times percentage of fat, or ether extract, in edible por¬ 
tion of nine-rib cut; and percentage of separable fat in carcass etpials 4.28 plus 
0.72 times f)ercontage of se[)arable fat in nine-rib cut. 


' Kttsults unpublished. 



SOME EFFECTS OF 
NUTRITIONAL LEVELS 


by Paul E. Howe 


I n t different parts of the body develop at quite different rates at 
different periods in an anitnars life. By raising or lowering the general 
level of nutrition, it is apparently possible to vary these rates consider¬ 
ably, producing animals yvith very different charaeterislies. This explains 
the production of ""bacon type” and ""lard type” hogs from animals yvith 
the same genetic constitution. Here is a brief account of neyv experi¬ 
mental work on this line which is significant for liyest(K*k producers. 


Adequate juitritioii is necessary to the full develoiunent of the in¬ 
herited characteristics of animals (and man also, of course). Various 
factors other than accident or disease interfere with or modify the 
inherited possibilities of an individual. Development may be modi¬ 
fied to a coiisiderable degree by nutrition; hereditary defects may 
interfere with the utilization of food, although physical development 
may become normal when these defects are overcome; good nutrition 
may mask liereditary chai*acteristics or defects; psychological, phys¬ 
iological, or patliological conditions may interfere with the taking 
of food or its utilization. 

The kind and rate of feeding has such a marked mfluence on the 
physical development of animals that it is necessary to define normal 
growth and physique before attempting to discuss the modifying effects 
of nutrition. In man, the objective of good nutrition is a strong 
healthy body capable of meeting the vicissitudes of a long life. The 
requirements for domestic animals, on the other hand, vary according 
to the purposes for which they are kept. Long life and good repro¬ 
ductive ability are important factors in animals used to replenish 
their respective species. Such animals are also used for productive 
purposes—for example, cows and goats for milk production, sheep for 
wool production, and horses for yvork. For animals that are fattened 
for food, however, long life is not so important as is the rapid develop¬ 
ment of flesh—muscle and fat. 

The growth and development of the body, as mea^^iired in terms of 

1 Paul E. How© is Chief, Animal Nutrition Division, Bureau of Animal Industry. 
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mi<i woijiflit, is a fairly regular process, awelcrated shortly 
before birtJi aiul at the time of puberty, with a gradual slight regres¬ 
sion (luritig adult, life. TJie development, however, is a composite 
of clianges that occur at different rates in different parts of the body. 
('ei-ta.iii |)a.rts develop earlier than others. Tlie results of work in 
Cambridge, England,^ indicate that tlie various tissues and anatomical 
fiarts of tlie body liave a definite order and proportion in development. 
Tlie limbs devclofi relatively early, with the fore limbs developing 
sligiitly (‘arlier than the. hind limbs. The latest development occurs 
in the iniddle of the back. There is a marked differential growth of 
the skeleton, muscle, and fat. The skeleton makes a greater propor¬ 
tion of its growth earlier in life than does muscle, and muscle earlier 
than fat. There are likewise differential growth relationships in these 
tissues. In the skeletal units the direction of develo|)ment is from the 
head to the trunk. The bones of the limbs develoji from the feet 
toward the body. iVIuscle and fat surrounding the various skeletal 
units show a similar type of differential growth, and develop latest 
over (he loin. '^Plie body organs show a marked iliflerential growth; 
the parts essential to life proia'isses and body functions are relatively 
well developi'd at birth and make a smaller proiiortion of growth 
after birth than the less essential tissues. The organs that function 
primarily or birgely as stores of nutrients, such as muscle and fat, 
show little development until the later stages of growth. 

The nutritional status of the body determines to a considerable 
extent the rate of develojnnent. Abundant nutrition jiermits the 
maximum expression of inheriteil characteristics, while undernutri¬ 
tion results in retarded development. An interesting examfile of 
the elfects of dilferent rates of feeding is shown in some exjjeriments 
of McMeekan and Hammond on the develo])ment of swine fed in 
diflVrent ways to the same final weight. 

Young pigs of similar breeding were individually fed the same feed 
in such a way that they gained weight at predetermined rates until 
they weighed 200 jiounds, as follows: (1) Hajiidly throughout (high- 
high); (2) ra,|)idly at first, then slowly (high-low); (3) slowly at first, 
then rajiidly (low-high); and (4) slowly throughout. Up to 10 weeks 
of age there were 2 groups, low jilane (3 and 4 above) and high plane 
(1 and 2 above), which were then divided (.ogive a rajiid and a slow rate 
of gain for animals selected for each group. The plan of experiment 
and rates (if gain are given in figure 1. When the pigs were 16 weeks 
old a certain number of the animals were slaughtered and the weights 
of the organs, of various anatomical parts, and of the muscle, fat, 
and bone of the jiarts were determined. Similar observations were 
made when the remaining animals reached 200 pounds body w'eiglit. 

The following summaiy of McMeekan and Hammond’s work indi¬ 
cates the effect of variation in rate of development on the character¬ 
istics of the pigs and the possibilities of modifying body characteristics 
by changes in nutiition: 

By making ttic growth curve rise quickly (high plane) instead of slowly (low 
plane) certain parts and tissues of the body arc made to develop more (piickly 


^ Unpublished n'sults of C. P. McMeekan and John Hamniond. Iteented in part hy McMw'kan in 
the Proceedings of tlui AiiiericHn Society of Animal Protluction, 1038. Data presented here with the per¬ 
mission of Prof(‘ssor Hammond. 
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than others. For example at 16 weeks old (fig. 2) the weight of the loin in the 
high-plane pigs was 450 percent of that in the low-plane jjigs, wliile the weight 
of the head was only 209 percent. Similarly the weight of the fat in the high- 



Figure L Plan of ihe experiiiienl described in the text, (rrowlh curves of pigs fed 
at differeni nutritional levels to the same final body weight. 



Figure 2 .—How the body proportions of the pigs on the clilTerent levels of nutrition 
varied at 16 weeks of age. Taking low-plane weights as 100 percent, the weights 
of the different body parts of pigs on the nigh plane exceeded them as shown. 


plane pigs was 1,007 percent of that of the low-plane pigs, while the weight of 
the bone was only 224 percent (fig. 3). This is equally true when the pigs are 
compared at the same body weight (200 pounds; high-high and low-low groups) 
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as well as at thv saitit' ago. If the degree to which tiie different parts and tissues 
of the body are affected by the (piick rise is compared with that resulting from the 
slow rise in the live-w"(Mght grow’th curve, it is found tliat these oorresf)ond to 
the order in vvliieh the parts and tissues dev^elop as th(‘ f)ig grows. Thus, those 
parts and tissues wdiich, like the loin and the fat, develop late in life are increased 
to a much greaf(‘r d(*gre(^ by a high plane of nutrition (fjuiekly rising growth 
curv(0 than an* those* parts‘and tissues that develop early in life, such as the 
head ami the bom^. The reason for this is probably that the* latter have the 



Figure 3 .—How lli<; e areass c‘oiii()osiu<m of llie pigs varicil al dilTerciil levels of luilri- 
(ioii a I 16 weeks of age. Low-plane weight taken as 106 pen*ent. 


greatest metabolic rate a/id so have priority over the later developing tissues 
when the supjdies of nutrition are low. 

By making growth rapid early in life and slowing it down later (high-low 
group) the early developiFig parts and tissues of the body are accentuated and 
the later developing parts and tissues are rcducerl. (yonversely, by slowing 
growth early in life and speeding it up later (low-high group), the later developing 
parts and tissues of the body are accentuated and the early dev(‘loping parts atid 
tissues are reduced. Thus one can produce experiiiuuitally at the same age and 
same body weight, by controlling the shape of the growth curve, a bacon type 
(high-low) or pork type (low-high) from the same? strain of f)ig (figs. 4, 5, and 6). 

The results of the four differently shaped growth curves on the composition of 
the carcass at 200 pounds are summarized in table 1. 
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HIGH-LOW LOW-HIGH I LOW-LOW 



Figure 4. Hotly proportions at 200 poiiiuis, arraiifj;e<l at tlie same shoiiItJer height. 



Figure 5.—Body proportions at 200 pounds, arranged at the same total length. 
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Fiffuro 6.--Loin <miI at the Iasi ril> al 200 poiiinls, arraiijird al llie 
saiiu' ey<‘-iinisrle Unit^lh. 

Tvui.E a,- Results uf four different grouth curings on romposition (tf the eurruss of lufgs 

tveighiug 200 pounds 


Treat MM*nt 


llifjh-tiijili 

Ilij/h-low 

r.ow-high. 

Low-low_ 


1‘roporl n>M ol (•areas'* weiuht 


Fal 

Muscle 

liono 

Skin 

'rciuioii, 

gliind. 


J 

1 

_ _ 

ofc. 


I^erctnf 

Percent 

Percent 

Percent 


10.3 ' 

11. 0 

.■). 3 

:» 1 

3H. \ 

44. u : 

11.2 

.'1.4 , 

.i 1 

14 1 

an. 3 ; 

9. 7 

4. S ' 

I 

27. t) 

49. 1 1 

12 4 

.">. S 

r> 


Under the practical conditions of uniiiial proflnction, meat-[>roducing animals 
are reared under all the four systems of nutrition rcfuesented by the growth cur\'es 
d('scribed. Thus the lard type of pig is reared under a low-high system and yields 
a high proportion of fat and a low proportion of muscle in the carcass, while the 
bacon type is reared on a high-high or high-low system and yields a carcass with 
more muscle and less fat. 

EFFECTS OF UNDERNUTRITION AND EXERCISE 

Uiidernutritioii lias its most pronounced efi’ect first on the less 
essential portions of the body. The skeleton and essential organs 
continue to grow at the expense of muscular tissue and fat. A 
similar effect is produced by fasting, when the body draws primarily 
upon muscle tissue and fat to maintain the functional organs. This 
reserve of material, represented particularly by the muscle, fat, and 
bones, plays an important role in a period of underniitrition or drain 
upon the body tissues. Kxamj)les of the utilization of body reserves 
during certain periods of the year are found in the case of wild and 
hibernating animals or domestic animals in winter or drought. The 
ability to draw upon the body reseives is often shown during rej)roduc- 
tion and lactation, especially the latter. Even though the diet is 
inadequate, the fetus grows and milk is produced at the expense of 
the mother. In the case of the modern high-producing dairy cow, 
careful feeding is necessary to keep her from drawing upon her reserves. 
In fact, it has been suggested that many animals are unable to meet 
their calcium requirements during the period of lactation even though 
well fed, but that these reserves are restored between lactations. 
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The occasional moderate utilization of body reserves is not det¬ 
rimental, since they are readily replenished when food is again available 
or the temporary drain is removed. An interesting example of periodi¬ 
cal drain and replenishment is seen on the range, where cattle go 
through the winter like wild animals, reproducing and often beginning 
lactation on restricted feed and replenishing these losses during the 
remainder of the year. 

The results of Hammond’s experiments on the effect of different 
planes of nutrition on the development of pigs also apply to other 
aiiimals that are relatively inactive. With man or with active animals 
such as the horse and dog, exercise modifies the [)otential effect of a 
liberal diet in that the activity diverts the energy contained in the food 
away from the formation of fat. Under such conditions the body tends 
to develop muscle and bone without excessive fattening. The 
quantity of food required to cover exendse was illustrated in an 
experiment planned to show the effect of exercise on the (piality of meat 
j)roduced by steers. To remove the effect of fattening on the quality 
of the meat, it was necessary to feed the two groups so that the weight 
of j)airs of exercised and unexercised animals would be the same. At 
one stage of the experiment the exercised catlh' itHpiired roughly 8 
pounds of grain a (lav more than the umwercised cattl(» to maintain 
tlie same body w(dght. 

NUTRITION AND LONGEVITY 

Recent exj)eriments have raised the question of the best lev(‘l of 
nutrition for a long life, compatible with health. Length of life and 
maximum rate of growth are not necessarily related. Certain experi¬ 
mental results with rats ijuliende that the rc'verse may be true. Rats 
fed a diet adequate in j)roteins, vitamins, inorganic salts, and fats but 
restricted in calories lived longer on the average than those fed the 
same basal diet with an iiidimited intake of calories. The males on 
the restricted diet lived roughlv one-third longer than the well-fed 
rats, while the females lived a little longer than the female controls. 
About one-third of the rats on the restricted diets lived to the age of 
1,200 days, whicdi is ec|uivalent to approxiniatelv 120 years in man. 
In these experiments the females were not allowed to reproduce. 
While the rats on the restricted diet lived longer, they did not attain 
as great a body weight as the full-fed rats ami the bones were lighter 
and more fragile. Animals on restricted diets had adequate amounts 
of the protective foods. 

Other experiments on the inffuence of diet on longevity indicate that 
a diet that has given satisfactory results with regard to growth, 
reproduction, and lactation may be improved by enrichment in 
certain factors, including vitamin A. 



THE RELATION OF OIET 


TO REPROOUCTION 


FOR inaii> cenluries it lias been a matter of ^reat importance to farmers 
to have fertile livestock. In the old days, there were magic ceremonies to 
prevent infertility. TodaN farmers (‘all on science. These authors dis(Miss 
the manv possibh* c'aiises of infertility, with special (mipliasis on short- 
('omings in the diet. I'hey con(‘hide that in spile of considerable r(‘S(‘arch. 
some of the remedies of t(ula\ are not rmiidi more trulv scientific than tin* 
methods of the magicians. 


REPRODUCTIVE FAILURES IN LIVESTOCK 

by Ralph W. Phillips > 

Rephoductive failures iti livestock may be due to a uuiuber of factors 
and may occur at any of several points during the rei)roductive process. 
The occurrence of infertile matings is from 20 to 'A) percent under 
conditions of good nutrition, management, and sanitation. This is 
true of laboratory animals as well. Thus there is room for consider¬ 
able improvement in reproductive ofRciency; but most of the e.xisting 
data serve only to indicate the e.xtent of the problem, and relatively 
little information is available that gives help in indicating how the 
present results may be improved. It should be remembered, when 
studying this problem, that the use of medicinal, nutritional, or other 
therapeutic measures to correct the trouble may not be desirable where 
the sterility or low fertility may be demonstrated to have a hereditary 
basis. If offspring of such treated animals were saved for breeding, 
they would pass on their defects, and reproductive difficulties as well 
as the need for therapeptic measures wxjuld tend to increase. 

The problem should not be disregarded, in spite of the many diffi¬ 
culties that confront those who attempt to solve it. A wide field of 
research is open in determining the relative imj)ortance of the factors 
that contribute to reproductive failures. Such studies, if they are to 
be of real value, must include careful observations on the breeding 
history of the animals involv'ed, complete data on all observable factoi’s 


I Ralph VV. Phillips is T^hysiologist, Animal Husbandry Division, Huroaii of Animal Industry. 
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and post-inortoiu oxamiimtioii of a large niuiiher of cases. Tliey nuist 
also include studies of control animals with good breeding records. 
Sufficient numbers, proper experimental design, and careful analvsis 
are essential, and sucli studies will necessitate cooperation among 
physiologists, pathologists, nutritionists, geneticists, and perhajw 
others if the most elfective work is to he done. When the contributing 
causes are known, investigation of indicated therapeutic measures 
whether they be medicinal, nutritional, endocrine, or of some other 
type, will naturally follow, and the breeder can look with increased 
hope to the betterment of the brce<ling efliciency of his animals. 

CAUSES OF REPRODUCTIVE FAILURES 

Failures in reproduction occ\ir frecpiently in all classes of livestock, 
in the form either of permanent or temporary sterility or of lowered 
fertility. The cases of lowered fertility ami temporary sterility are 
probably more important causes of loss than those of complete sterility, 
since the latter are. soon noted and eliminated. On the other hand, a 
male or hiniale of reduced fertility or with recurring periods of tempo¬ 
rary sterility may be retained for years and reduce the breeding 
efriciency of the entire herd or (hxik. This is especially true of males 
that are able to settle the females but require a large number of serv¬ 
ices per i)regnancy. 

The immediate causes of these failures may be (1) physiological, 
(2) genetic (hereditary) (3) pathological, (4)' anatomical, including 
congenital defects of the reproductive tract and obstructions due to 
injury or disease, (5) mechanical injury to (he reproductive tract or 
the fetus during pregnancy, or (0) nutritional; or there may be a 
combination of causes. The normal course of the reproductive process 
may be interrupted at any of several points owing to (1) failure to 
form spermatozoa or ova, or a reduction of the number or quality of 
germ cells produced, (2) failure of animals to copulate owing to lack 
of sexual desire or to injury, (3) death of the liberated ova or sperma¬ 
tozoa befoi'e fertilization, (4) failui'c of fertilization, (5) failure of 
implantation in the uterus, (6) failure of normal embryonic and fetal 
development, and resorption or abortion, and (7) stillbirth at the end 
of a normal term. 

It should be evident that the diagnostician must i)roceetl with great 
care if the specific cause of reproiluctive failure in any one case is to 
be accurately deterjuined. In many instances it is impossible to 
se})arate the causes of infertility into woll-delined classes. Apparent 
physiological disturbances may be due to pathological conditions or 
genetic causes. The occurrence of pathological conditions may bo 
associated with inherited differences in resistance to infection or with 
inade(|uate nutrition. Anatomical defects of certain types are often 
iidieritcd. 

Many of the available data give information on the total number 
of reproductive hiilures but little on the immediate or basic causes 
of the infertility. Many data have been taken from census figures, 
registration reconls, and questiomiaires and surveys, and these are 
useful in giying some uulication of the acuteness of the problem but 
of little value in locating causes. The latter information is essential 
if data are to be of value in indicating methods of increasing fertility. 
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OCCURRENCE OF REPRODUCTIVE FAILURES 

Before reviewing available information on the occurrence of repro¬ 
ductive failures in livestock it should be pointed out that the problem 
is not limited to farm animals, but that there is a considerable propor¬ 
tion of infertile matings in laboratory animals ke])t under well- 
controlled conditions. For exainj)le, Flamnmnd and NIarshall (467)' 
reported 31.1 percent of sterile matings in 312 rabbit does that had 
not been pregnant recently, while only 1 or 2 cases of infertile matings 
were observed in several hundred vvhei’c mating occurred just after 
parturition or at the end of pseudopregnancy. These findings ar(‘ 
in geneTal agreement wit\\ those of Kellogg (6T4') and Fvierlmau (396). 
\n rats careAnWy selected as being in est.vus, or heat, Kvans and Bishop 
( 345 ) report 84 percent of fertile matings, and Meinlel and Hnhliell 
(7SS) report yearly averages of 80, 05, 08, and 93 percent of fertile 
matings in a colony for the years 1912, 1919, 1925. and 1935, re¬ 
spectively. The high percentage in the last year was attributed to 
an improved, and very e.xpensive, diet. Wright (1273) states that in 
guinea pigs, an estrus j)eriod follows |)artuiition, and that 50 to 
60 percent of the matings at this lime in a vigorous stock are 
fertile. 

Studies by three agencies in England have shown that more animals 
are discarded from dairy herds because of reproductive troubles than 
for any other reason, the percentages being 19.3. 20. and 23.7. 

In a study of the results of breeding a large number of dairy and 
beef cattle in Maine, Gowen (428) found that 78 percent became 
[)regnant at the first service, 15 at the second, 4 at the third, while 3 
percent required further services or were infertile. 

The prohlem in range areas is more difficult to evaluate because of 
the lack of individual breeding records. The common method of 
evaluating breeding success in such herds is to determine the pereent- 
age of calves born to each 100 cows in the henl at breeiliiig time. 
Data from 10 different sources show a range of from 40 to 77 percent 
in different sections of the western range area, with an average of 
03. The calf crops on individual ranches included in these reports 
ranged from 25 to 95 percent. 

The importance of the bull as a cause of reproductive failures is 
often underestimated. Williams and Savage (1281) observed 270 
herd bulls, of which 198 had known breeding records. Of these, 34 
percent had poor breeding records as judged by the services required 
per pregnancy. Tjagerlof (656), who investigated the causes of early 
disposal of 2,313 hulls in Sweden, states that 24 percent were <lis- 
carded because of reproductive failures in one form or another and 
indicates that the number of cases of incapacity to copulate surpasses 
those due to incapacity to fertilize. 

The incidence of sterility is usually higrher in horses and jack stock 
than in other classes of livestock. Robinson (974) investigated the 
results of a laige number of matings of horses in which all the stallions 
were certified as being healthy. Of 28,241 Clydesdale mares bred to 
390 stallions during a 6-year jieriod, only 52 ])ercent produced foals. 
Of 3,640 thoroughbred mares bred to 43 stallions during a 5-year 


* Italic numbers in parentheses refer to Literature Cited p. 1075. 
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period, only 42.3 ])ercent ])rodnced foals. Haimnond (4h‘6) found an 
avej’aju'i foaling ])ercentage of 59 ixu’cent in draft num^s bred to 3r)8 
premium stallions in the British Ministiy of Agriculture’s livestock 
scheme. lTnpid)lished data (collected by Ewing in Missotiri show that 
of 2,895 mares bred, 55 percent ap])eared b) be settled and 45 percent 
produced foals. Kern (0^2) presents census figures showing that the 
percentages of mares bred that ])roduced foals in (iermany during 
1932 35 were 51), 57, 55, and 52. In Rhineland horses the average 
was 61 ])erc(>nt in 1936, which was considered satisfactoiy. The 
number of matings j)er mare is not .specified, but it is assumed that 
in many of the above cases mares were bred at more than one heat 
period. The problem of low fertility is perhaps even more acute in 
jack stock where ex])erienced breeders do not expect more than 40 
percent of the jcMinets bred during a s(‘ason to ])roduce colts. 

Fertility in sbeej) is commoidy ex])ressed in terms of the percentage* 
of lambs born to each of 100 ewes bred in one season. The size of 
the lamb crop will vary with the breed and with the environment. 
Nichols (SSS) r(‘ports a lamb croj) of 154 ))ercent for 1,033 ewes, kept 
under farm-llock conditions, that were flushed (fed heavily before 
breeding), and 140 percent for 4,054 ewes, that were not flushed. 
Lamb cro])s of 164 and 143 pc'rcent, resj)ectiv<'ly, were re])orted by 
Mohler (SO/)) for similar condilions. Under range conditions the 
percentages are mu(‘h lower, ranging from 70 to SO ))ercent in different 
sections. Figure's of this type give no diree-t informatioji on tin* 
proportions of ewes that fail to j)roduce lambs or of rams that are low 
in fertility or sterile. 

Polovtseva (‘t al. (030) state that in the Union of Soviet Socialist 
Re])ublics sterility in sheep averages about 6 ])ercent and is as high 
as 15 to 20 on sonu* farms. These figures a])})arently indicate the 
pro])ortion of ewes that fail b) produce ofl'spring each year. Richter 
(062) re])orts about 5 percent sterility in goats and 10 j)e.rcent in 
shoe]) each year in Ciermany ami Hungary. 

Examination of breeding records of the Bureau of Animal Industry’s 
flock al. Beltsville, Md., for a, 10-year period shows the average number 
of servic<‘s recpiired ])er ])regnancy in four breeds to be as follows; 
Ham])shire, 2.5; Karakul, 1.4 : Sbro])shire, 2.9; and Southdown, 2.9. 

Since swine ])roducc a number of young at one time, estimates of 
f(M-tilil.y are more diflicult to evaluate than in thos(* species producing 
only one or two j)er litter. Examination of the breeding records of 
250 sows selected at random in tlu' Bureau of Animal Industry’s herd 
at Beltsville, reveah'd that 42, or 16.8 percent, failed to produce 
litters. Of the remaining 208, 84 percent required only one service, 
12 required two services, 2.5 recjuired three, and 1.5 j)ercent required 
four. Of the 42 that failed to produce litters, 25 were bred once and 
the l■emaining 17 froni two to fiv<‘ times. Many of these were ap¬ 
parently settled, as judged by failure to return in estrus during the 
breeding season, but failed to produce litters. 

RELATIVE IMPORTANCE OF THE VARIOUS CAUSES 

Information on the relative importamce of the various possible 
causes of sterility or lowered fertility is entirely inadvxiuate for (Iraw- 
ing definite conclusions. Many reports have appeared, but in few 
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cases have all or most of the possible oontributii;g factors been con¬ 
sidered. This problem is one which by its nature demands a careful, 
systematic approach if data are to have real value. For example, 50 
cows that were sterile or had very poor breeding records might be 
examined and a certain type of infection found in a large proportion. 
Unless the infection is of a type that actually blocks the passages of 
the reproductive tract or inhibits the production of germ cells, it 
cannot be positively concluded that this is the true cause of poor 
breeding results. If, however, 50 other cows with good breeding 
records, kept under comparable conditions, were examined simultane¬ 
ously and this type of infection was not fouiul or was present in a 
much smaller proportion of the cases, then there would be better 
ground for suspecting that the infection was a contributing factor to 
the breeding difnculties. Similar precautions must be ob.served in 
obtaining and interpreting data, whether the factor being investigated 
is pathological, nutritional, physiological, or of some other nature. 

A number of articles have appeared to which the reader is referred for 
an introduction to the literature on this subject. These include reviews 
by Orr and Darling (5^0) on physiological, genetic, and nutritional fac¬ 
tors and by the Imperial Bureau of Animal Nutrition i569a) on nutri¬ 
tional factors, and a series of papers by Hammond Wdd), Parkes (894), 
Korenchevsky (645), and Edwards (SlO) on genetic, endocrine, vitamin, 
and disease factors in relation to sterility in domesticated animals. 

Edwards points out that there is much ground for holding the 
view that the chief cause of sterility in our larger animals is some 
form of infection, and he gives a careful review of literature on this 
phase of the problem. This should not be interpreted to mean that 
elimination of infection will eliminate most of the cases of sterility 
or lowered fertility, but it does indicate that in approaching the 
problem of improving breeding results infections must be eliminate<l 
first. Any experimental studies of the effects of nutritional, endocrine, 
or other factors would certainly be unsound if infections were not 
eliminated or at least carefully controlled. 

Polovtseva et al. (930) studied 100 ewes having a record of 2 to 3 
years’ sterility. In 85 percent of the cases pathological conditions 
w'ere found in the reproductive organs. These were distributed as 
follows in the 100 ewes: Ovaries, 16 percent; uterus, 15; Fallopian 
tubes, 9; vagina, 25; and cervix, 78 percent. 

Richter (962)^ found that in Germany and Hungary following the 
World War sterility in goats increased from a normal of 5 to 20 to 25 
percent, and in sheep from 10 to 40 percent. These increases in 
sterility were attributed to inadequate feed, but it is possible that 
there were other contributing factors. 

Andrews and McKenzie ( 24 ) studied 79 mares of which 26 were 
shoydng deviations from the normal picture at the particular estrual 
period during which they were being bred. Of these 26 mares, 9 
exhibited the condition of split estrus in which all signs of estrus 
proceeded in a normal manner except that the mares showed two 
periods of receptivity to the stallion instead of one continuous period, 
4 ovulated 2 or more days after the end of estrus, and 7 ovulated with¬ 
out showing signs of receptivity to the stallion even though other 
signs of estrus were present. 
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McKonzio aiul Torrill (7SS) found that of 17 ('wcs operated upon at 
tlie first estj’us of the season, 16 had corpora lutea that were approxi¬ 
mately on<> estrus cycle old, indicating that ovulation occurred without 
estrus in these ewes. 

Hammond (46S) found that only 67.4 percent of the ova shed by 
22 sows were represented by normal fetuses, the observations being 
made at various intervals during pregnancy, while Corner (227) found 
that 10 percent of the ova in swine do not divide after fertilization, 
approximately 10 percent develop part way (blastocyst stage) and 
then degenerate, and another 5 to 10 percent become abnormal 
during later periods of gestation, so that only about 70 jiercent of the 
ova are represented by living pigs. These are losses in sows that 
actually became pregnant and do not include infertih* matings. 

Reports by many workers have shown that failure to projierly 
synchronize the time of breeding with the time of ovulation results 
in lowered fertility. The life of spermatozoa is short after ejaculation 
into the female tract and the ova must be fertilized within a short 
time after ovulation. Ovulation occurs near the end of estrus, hence 
th<‘ chances of fertilization are increased if breeding takes place at 
or after the middle of the estrus period. 

The use of artificial insemination has increased rajiidly in recent 
years and much research has been done to develo]) and improve 
techniques. This promises to be a very useful method in areas of 
intensive livestock production, particularly by allowing the increased 
use of outstanding proved sires. The hope has been expressed by 
some that it would cure many problems of low futility. The pni- 
])ortion of fertile breedings resulting from artificial insemination with 
fresh semen is essentially the same as that obtained from natural 
insemination. The chief advantage of artifii'ial insemination is that 
contact of the male with females is avoided, when collections are 
made with the artificial vagina, thus reducing the chances of spreading 
infections such as contagious abortion. This assumes, of course, 
that sterile instruments are used and that other necessary sanitarx' 
precautions are observed. Wlien a well-trained man manages the 
operation and also checks the females carefully for pregnancy the 
breeding record should be improved, because infertile animals should 
be discovered earlier than is the case otherwise and proper attention 
may be given to them. This close attention may also make possible 
closer observation of the females so they may be bred at the optimum 
time in the heat period. Close observation of the male is also neces¬ 
sary under these conditions and any lowering of fertility in the male 
should be detected earlier than would otherwise be the case. 

Wliile artificial insemination gives jiromise of being useful in these 
and other ways, it must be remembered that it is a technique which 
should he used onlv by pemons familiar with the anatomv and physi¬ 
ology of the reproi^uctive organs and with the fundamentals of sani¬ 
tation, and who are equipped with adequate instruments and trained 
in their use. 

Phillips and McKenzie (922) and McKenzie and Berliner (731) 
report cases in which low fertility and temporary sterility in rams was 
associated with high temperatures during the summi'i months. 

Work of the type discussed is indicative of what may be accom- 

141.11)4°—39-32 
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successful flushing two conditions must be fulfilled: (1) The flushing 
must result in a vsignificant gain in weight over the unflushed ewes 
{212, 262, 750)', (2) the nutritional plane of the ewes before flushing 
must be below the level that permits the highest possible lamb croj) 
for that particular breed. If the ewes are on a very high nutritional 
plane to start with, flushing may leatl to a significant gain in weight 
without an increase in the lamb crop {212, 262). However, it is 
important to em})hasizc that there is no evidence of decreased fer¬ 
tility as the result of flushing a flock already in a very high state of 
nutrition. In fact, two reports indicate that no decrease occurs under 
such conditions {212, 262). 

If the results of flushing are accepted without further question, it 
may still be objected that these results follow a high plane of nutrition 
maintained for a short time. In the rat colony at Yale University, 
the animals have been inbred for many years without addition to 
the original stock. The manner of handling the animals has not 
changeil. But since 1932 the stock diet has been changed by increas¬ 
ing the vitamin content and the protein content to allow a greater 
rate of growth. With the new diet, the a verage daily gain has increased 
about 100 percent. The size of the mature animals has increased 
enormously. The largest rats in this colony fidly equal the largest 
rats yet produced by injections of the pituitaiy growth hormone. 
Yet with this increased growth rate and increased size on the higher 
plane of nutrition, the percentage of fertile matings has increaseil 
from about 70 percent to over 90 {28, 88. 173). 

To be sure, tliis experiment has not been precisely duplicated with 
other species of animals. But a flock of purebred range ewes with a 
lambing record of 80 to 100 percent produced lamb crops that aver¬ 
aged 135 percent for 6 years after being transferred from the range to 
an experimental farm {.'t98), and reached a high of about 160 percent 
for the 3 years in which they were in their prune. During this 6-ycar 
period the plane of nutrition was continuously higher than that on 
the range. It might be argued that a still higher plane of nutrition 
would have led to a decrease in the lamb crop, but there is no satis¬ 
factory evidence that a high plane of nutrition, or fatness by itself, 
leads to sterility in any species. 

Granting for the moment that fat animals may be found to have a 
lower fertility as a ^roup than leaner animals, this does not necessarilv 
mean that fatness is the cause of the sterility. It might just as well 
be the other way aroimd—that the sterility is the cause of the fat¬ 
ness. The effects of castration on body weight and fat deposition 
in most species of animals are well known. Perhaps a more likely 
situation is that fatness and sterility occur together as the result of 
some cause common to both. In the human species, a condition 
of obesity and sterility results from a lesion in the brain base that 
also mvolves the pituitary gland. This can be duplicated in the 
experimental animal {1088). This example is cited not with the 
intention of explaining the often cited relation between fatness and 
sterility on any particular basis, but merely to show one condition 
in which fatness is not the cause of sterility. 

Careful experimental work is neeiled to determine whether it is 
possible to lower the fertility of a group of healthy animals by sub- 
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jccting thorn to a contimiod high piano of nutrition, and to raise the 
fortility of the same group by roturning them to a lower level of 
feeding. Until this is done, perhaps a fresh point of view would he 
helpful—a point of view willing to aeeept sterility as the eause of 
fatness just as easily as to aeeept fatness as the eause of sterility. 

VITAMINS AND REPRODUCTION 

There is no evidenee to indieate any speeial requirement of vitamin 
D for reproduetion, and this is true also of vitamin (Diets produe- 
ing definite symptoms of scurvy in the guinea pig do not interfere 
with estrus or ovulation (4^1, 701). Nlale guinea |)igs dying of 
scurvy have normal testicles with normal sperm. A deficiency of 
vitamin B (old terminology) in the rat do(>s interrupt the estrus 
cycle and stop ovulation in the female {S44). However, such a 
deficiency also causes a severe decrease in energy intake. Restriction 
of energy intake to an equal degree on a comjjlete diet results in 
equally severe distiirhances in the se.x organs (748). Consequently, 
it is diflicult to say that the vitamin B complex affects reproduction 
beyond its effect on food intake. It is also noteworthy that male 
rats dying from vitamin B deticiency may show normal testes ( 340 ). 
In view of the difficulty of producing vitamin B deficiency in the 
larger domestic animals and the abundance of this vitamin in the 
common stock feeds, there is probably little need to be concerned 
about vitamin B deficiency in the breeding of farm animals. 

Two vitamins, A and K, do influence reproduction markedly. In 
th(* rat, diets low in thes<‘ vitamins may bi* sufficient to maintain 
animals in apparently good health and to permit growth at a rate 
not very far below normal, but not sufficient for normal reproduction 
(■>, 344) 346 ). The reproductive system is therefore somewhat more 
sensitive to lack of vitamins A and E than the rest of the body, 
and apparent good health is not a safe guide. 

In the rat a mild deticiency of vitamin A leads to an abnormal 
formation of horny scales on all of the soft membranes of the body 
(-7, 344j 760). Not all parts of the body are equally susceptible to 
this change. Among the first to be affected in the female rat is the 
soft membrane of the vagina. At this level of deficiency there is no 
loss in weight. In fact the animal may continue to gain at a satis¬ 
factory rate, but there are definite abnormalities in reproduction. 
The estrus cycle, as determined by mating behavior, and ovulation 
are not at all affected (o. 34i. 343, 344- 346. 759, 760), nor is the 
early development of the gi’owing young in the uterus. Tlie difficulty 
a])pears after the middle of pregnancy (763), w'hen degeneration of 
the placenta takes place, resulting in hemorrhage and abortion. 
.Many of the pregnancies that are not interrupted at this stage con¬ 
tinue beyond the normal term. In such cases labor is abnormally 
long, and many of the young are stillborn. Mortality of the mothers 
is high during such prolonged labor. 

Male rats are somewhat more resistant to vitamin A deficiency than 
female. While the female is showing early evidence of a lack of 
vitamin A, males show no damage to the testicle. With more severe 
deficiencies, when lesions begin to appear in the membranes of the 
eyes, the testes begin to show some damage (761). Even at this stage, 
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however, the lesions are not very severe, and motile sperm is still 
being formed. More pronoimceu lesions are found only after the 
animal has lost some weight. Strikingly, this damage to the testicle 
can be repaired by doses of the vitamin too small to permit a gain in 
weight. The condition in the female rat also can be relieved by proper 
treatment with the vitamin even after a long period of deficiency. 

The symptoms of vitamin A deficiency in the rat are almost identi¬ 
cal with those seen in the cow an<l the sheep. In these species also 
the difficulty does not appear in the estrus cycle or ovulation, but late 
in pregnancy, leading to abortion or premature labor with the birth 
of weak or dead young (496, 498, 776). In these larger animals also, 
the abnormalities of pregnancy may occur on diets that do not produce 
pronounced impairment of the general health of the mature animal. 
From the evidence in the rat, the cow, and the sheep, therefore, it 
would seem clear that the vitamin .\ requirements for successful repro¬ 
duction are somewhat higher than the minimum requirements for 
maintenance of the mature animal. It is not at all clear, however, 
that the requirements for reproduction are any higher than those for 
normal growth.^ 

In the female rat, vitamin E deficiency resembles vitamin A defi¬ 
ciency to the extent that here again the trouble does not involve the 
estrus cycle or the ovary {S46). It occurs after the middle of preg¬ 
nancy and leads to the resorption of the growing young in the uterus. 
The disease differs from that produced by vitamin A deficiency in 
that the membranes are not attacked and abortion does not occur 
{S48, 762). The disease may be regarded as one that interferes with 
the growth of the young before birth. In the male, the disease at¬ 
tacks the germ cells which produce the sperm, and the condition 
cannot be cure<l bv the administration of vitamin E, so that permanent 
sterility may result. This is in sharp contrast to the effects of a lack 
of vitamin A. 

So far, vitamin E deficiency has been studied chiefly in the rat 
because it has been impossible to produce pathological symptoms from 
it in other animals. On a diet that prodmres complete sterility in rats, 
goats and rabbits continue to breed for two or more generations 
without difficulty (766, 1239). Regarding vitamin E deficiency 
purely as a laboratory product is probably justified. Although 
definite cases of a natural deficiency of other vitamins are recorded for 
man and animals, there is on record no known instance of a vitamin 
E deficiency occurring in nature. This is undoubtedly a reflection of 
the widespreafl distribution of this vitamin in all natural foodstuffs. 
Nevertheless one continues to hear of miracles perfonned by vitamin 
E concentrates, especially in curing habitual abortion in women and 
sterility in cows (69, 1069,1171,1172,1173). 

It will be recalled that true yitamin E deficiency in the rat does not 
produce abortion, nor does it interfere with estrus or oyulation. The 
publications on the effects of wheat-germ oil (vitamin E concentrate) 
on bovine sterility have not been concerned with any abnormality of 
pregnancy that could conceivably be attributed to a vitamin E 
deficiency. ^ They have dealt with cows that failed to become preg¬ 
nant following service at normal heat periods. It is difficult to under- 

* See the article on The Vitamins in Milk and in Milk Vroduction, pp. 668. 
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stand how a single injection of wheat-germ oil at the time of service 
would facilitate pjegnancy in such cows unless the injection somehow 
or other stimulated ovulation or prolonged the life of the egg. To he 
sure, there are reports that vitamin E injections in the rat induce 
estrus (1117) and also stimulate the ovary (llfJG). It has also been 
claimed that pituitary hormones are suitahle suhstit\jtes for vitamin 
E in deficient animals (116G). Finally, the statement has been made 
(900) that the pituitaries of vitamin E-deficient rats are lower than nor¬ 
mal in hormone content, though this claim has been disputed by com¬ 
petent investigators (276, 843). The claims for estrus-inducing or 
ovary-stimulating activity of vitamin E have been thoroughly dis- 
cre<lited (276, 869, 1009) Perhaps it is permissible to characterize 
most of the vitamin E miracles as products of enthusiasm rather than 
(d’ piudence. At least one group of American workers has not becTi 
able to confirm the reported beneficial effects of vitamin E concentrate 
in the breeding of cattle (693). 

THE RELATION OF MINERALS TO REPRODUCTION 

T’hc minerals that have h<‘cn most promiiumtly mentioned in con¬ 
nection with reproduction are [)hosj)horus. calcium, and manganese. 
It is easy to find in the literature reports that a deficiency of one or 
another of these elements will interfere with reproduction. However, 
a critical analysis of the available data does not bear out these claims. 

Perhaps the experiments most often cited are those dealing with 
|)hosphorus deficiency in range cattle. It is true that cattle on phos¬ 
phorus-deficient ranges experience difliculties in breeding, but this is 
not necessarily due to a lack of phosphorus. In the first place, the 
low i)hosphorus content of the pasture is paralleled by a very low 
protein content, and there may in addition be still other deficiencies 
not yet reeognized (288, 494,1129). Again, pasture low in phosphorus 
is not very palatable, so that the food intake is far below normal 
( 494 , 1129). As a result the animals are obviously in i)oor condition 
(1129), and the multiple deficiency is complicated by partial starva¬ 
tion. 

It has been rei)orted that the addition of bonemeal to the diet of 
cattle on such ranges results in marked improvement in genei’al condi¬ 
tion and in breeding performance (1129, 1131) following the increased 
food consumption upon administration of the supplement. But in 
recent experiments on cows an uncomplicated phosphorus deficiency 
did not interfere with estrus or ovulation, despite the fact that the 
(diosphorus deficiency was severe enough to lower the blotxl [)hosphorus 
to levels below those usually seen in range cattle on low-phosphorus 
ranges (299). Unfortunately the data are not yet extensive enough 
to warrant the statement that phosphorus deficiency is likewise 
without effect upon the number of live calves born. It is possible to 
state, however, that if phosphorus deficiency, uncomplicated by 
protein and other deficiencies, has any effect whatever on reproduction, 
it is not great enough to be indicated clearly in the experimental data 
so far obtained from cow s. 

The situation is similar in the rat. The low-phosphorus ration is 
not so palatable as one with a higher phosphorus conttiit, so that food 
consumption is below' normal by 25 percent or more (443)- Never- 
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theless, when mature rats are placed on such a diet there is no inter¬ 
ference with the estrus rhythm. When somewhat less mature rats 
ar(‘ used, the low-phosphorus diet results in a marked diminution in 
rate of growth and a cessation of the estrus cycle. After an interval, 
however, the slowly growing rats eventually reach a mature size and 
the estrus cycle once more makes its appear^ance, despite the contin¬ 
uance of the phosphorus-deficient ration (443). 

Tlie mineral most closely associated with phosphorus is calcium, 
and claims have been advanced concerning the necessity of this ele¬ 
ment for normal reproiluction. In the rat there appears to be no 
reason for such a claim, although there is some evidence that the addi¬ 
tion of calcium to some diets results in better growth and more 
economical gains in weight {1049). In the cow, a calcium deficiency 
sufficient to lower blood calcium had no apparent effect on reproduc¬ 
tion {892). Only in swine have any real efiects of cahdum deficiency 
been reported {803). Even here, however, the results of the deficiency 
are much more noticeable on the general health of the animal than 
on reproduction. With a disease severe enough to produce rough 
scaly skin, bending of the bones, and periods of temporary paralysis, 
estrus occurred normally for two or three generations {263, 349). 
The number of young per litter ami the average weight of the young 
at birth were undiminished, although one observer reports an increased 
percentage of stillbirths {263). There is general agreement, however, 
that lactation is seriously impaired by the low-calcium diet. 

There is a widespread belief that manganese deficiency in the rat 
interferes with estrus and ovulation despite the fact that one of the 
most comprehensive studies on this question indicates the contrary 
{875). The early e.xperiments in which the manganese deficiency was 
produced by miik diets fortified by iron and copper are responsible for 
this erroneous impression. Later work has demonstrated that the 
limiting factor on the milk diet was not manganese but energy, since 
the dimcxdty with estrus and ovulation was remedied by the addition 
of sugar to the diet {1064). Still unexplained, however, is the sterilitjjr 
in the male rat produced by diets low in manganese. The early experi¬ 
ments on this phase of the subject have not yet been repeated so that 
it is impossible to decide whether the sterility was due to an uncom¬ 
plicated manganese deficiency or to some other factors not yet appre¬ 
ciated. No data are available on manganese deficiency in other species. 

CARBOHYDRATE. FAT, AND PROTEIN 

There is no evidence that carbohydrates have any influence upon 
reproduction {344)- Completely fat-free diets do finally stop estrus 
and ovulation in the rat in about half of the females and decrease 
fertility in the males. This occurs, however, only when the experi¬ 
mental ration has produced severe kidney disturbances and skin lesions 
in badly undernourished animals. A small amount of fat in the diet 
will restore reproductive functions long before the animal has made 
any significant recovery in general health {173, 174). 

With protein the situation is a little different. Not only must the 
protein in the diet be quantitatively sufficient, but in addition it must 
be of satisfactory quality. A diet in which wheat is the only source 
of protein is inadequate for reproduction in the rat {344). When the 
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(liotary protein is glindin (derived from wheat), estrus and ovulation 
fail even though the protein is fed at the level of 18 percent {231, 901). 
The amino acid lysine appears to be a limiting factor in this situation 
inasmuch as the addition of small amounts of lysine to the diet readily 
correct the abnormalities. When a better protein is fed, abnorinalitie's 
of estrus and ovulation are encountered only at much lower levels. 
For example, casein must be reduced to 4 or 5 percent before the estrus 
cycle is interrupteil (44^, 90S). With such a level of casein, however, 
the estrus cycle may stop in 4 to 5 days, and as long as the animals 
are hold on this diet neither estrus nor ovulation occurs despite the 
fact that body weight and general health are well maintained. On 
such a diet growth does occur, but it is very much below the normal 
rate. On the low casein diets neither lysine (90S) nor cystine (900) is 
a limiting factor. It is therefore not possible to state that lysine or any 
other single amino acid is exclusively concenied with the maintenance 
of ovarian function. There is one report that the administration of 
pituitary material will cure the ovulation failure resulting from protein 
deticiency (231). This is highly interesting but cannot yet be accepted 
as proof that low-protein diets produce their effects W diminisliing 
pituitary function. As|)irin sometimes reliex es hea<laches, but no one 
would conteiul that hcadiiches are due to a lack of aspirin in the body. 

In the rabbit very severe protein restriction (2-peicent-protein 
di(>ts and protein-free diets) for relatiA'cly long p('riods have very 
little effect upon estrus and ovulation despite the fact that the animals 
lose about 25 percent of their initial body weight. Moreover, no 
evidence could be obtained that such protein restriction interfered in 
any way with pituitary function.® In the larger domestic animals 
there are some experiments on protein deficiency, but the information 
at [)resent does not pennit a completely satisfactory comparison with 
the rat or rabbit. In general, it would appear that the larger 
domestic animals are not (piite so sensitive to low-protein diets as is 
the rat (;26*3, .^.98). 

ff’he question has often arisen as to the optimum level of protein in 
the diet. Even with the rat the impression has been that about 14 per¬ 
cent by weight is the optimum level for protein. Yet the magnificent 
results in growth and reproiluction in the Yale rat colony have been 
obtained on a diet containing about .80 percent of protein (22, 78S). 
When rats are allowed cojnplete freedom in selecting their own diets 
from a choice of pure foodstuff’s, they choose a diet containing about 
80 pei’cent of protein (959). So does the rabbit, and on this higher 
level of protein the rabbit gains weight faster and more economically 
than upon the kind of ration most breeders feed their stock (125). 
('ows, too, choose a diet containing much more protein than is usually 
fed (849). 

It is strenuously objected that such diets contain more than the 
“recjuirements,” ami that therefore the cow is in error. .Fudgment in 
lavor of the requirements as set up by man is perhaps unduly biased, 
(’ertainly the rat has an uncanny ability to choose precisely what it 
needs at any given time. If the adrenal glands are removed and the 
salt requirements go up, the rat voluntarily chooses the correct amount 
of salt to maintain its life. When the parathyroids are removed, the 

* Fuikdman, M. it., and Friedman, Gertrude S. Unpublished experimental data. 
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rat voluntarily increases the calcium intake without increasing the 
intake of other salts (958, 960). On diets deficient in vitamins of the 
B complex, the rat decreases the intake of both protein and carbohy¬ 
drate and increases the intake of fat (961). To enable the rat to 
make these amazingly intelligent adjustments, however, it is necessary 
to give the animal a wide enough selection, so that the diet can be 
balanced readily to fit the needs. Perhaps some of the difficulty in 
self-selection e.xperiments on the laiger animals is that the choice has 
been limited to a few concentrates and supplements which may not 
represent the best possible combinations for the particular situation 
confronting the animal. The fact that pigs will not balance their 
rations with respect to protein if allowed a choice of cereal concen¬ 
trates and linseed meal (507, pp. 615--616; 820) may be a reflection 
upon the amino acid and calcium deficiencies of linseed meal rather 
than upon the pig’s judgment. If the pig is allowed a somewhat 
wider choice- for example, meat scrap in addition to the cereal and 
linseed meal—the animal will do very well indeed (820). What is 
really best for the animal may not always coincide with what is best 
for tile farmer’s pocketbook, but it wouhl be very interesting to repeat 
some of the self-feeding experiments on larger animals with a technique 
similar to that used on the rat. 

DIETARY INGREDIENTS NOT YET IDENTIFIED 

Unfortunately it is not at all certain that present knowledge encom¬ 
passes all of the dietaiy ingre<lients necessary for successful reproduc¬ 
tion, especially in herbivorous animals. It is probably significant 
that synthetic rations that are completely satisfactory for the rat are 
altogether unsatisfactory for the rabbit, goat, or sheep, even for 
maintenance (528, 741). There may be some very important ingredi¬ 
ents in roughage or in pasture that have not yet been identified. 
Cows maintained on dry rations do not seem to reproduce as well as 
those allowed some access to pasture (776), and shy breeding, which 
develops in the bam on winter rations, seems to be alleviated by 
pasture. These impressions cannot be accepted as proof of the pres¬ 
ence of some unidentified essential ingredients in pasture grass, hut 
neither can they be ignored, especially in view of the finding of ovary- 
stimulating substances (897, 898, 899) in young grasses, as noted else¬ 
where in this Yearbook.® 

NO SPECIFIC DIETARY REQUIREMENTS FOR REPRODUCTION 

Throughout the entire literature on the relation of nutrition to 
reproduction the factor of underfeeding has not receiveil sufficient 
attention. Even with a completely balanceil ration, decreased food 
intake is capable of stopping the estnis cycle and ovulation in the 
female and sperm formation in the male. Owing to the decreased 
palatability of diets severely deficient in one or more elements, this 
factor of underfeeding has complicated much of the experimental 
work, so that breeding difficulties that have been attributed to specific 
dietary deficiencies may very well have been merely the result of 
partial starvation. 

With notably few exceptions, the dietary requirements for reproduc- 

« See Glands, Hormones, and Blood Constituents—Their Relation to Milk Secretion, p. 686. 
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tioTi, qualitatively and quantitatively, do not exceed the requirements 
lor maintaining mature animals in goofi health. Vitamin E is one 
(exception to this statement, but this vitamin is so widely distributed 
in nature that, for the present at least, vitamin E deficiency may i)e 
regarded as a laboratory curiosity. 

Not in the same class are tlie exceptions which must be made with 
respect to protein and vitamin A. It is quite possible that [)rotein 
deficiencies not readily detectable by any signs in the mature animal 
can produce lowered breeding {)efformance. In the case of vitamin A. 
there is a problem of practical importance, for with moderate restric¬ 
tion of vitamin A intake mature animals may suffer ahiKtrmalities <»f 
pregnancy without showing any obvious signs of ill health. More¬ 
over, tlie degree of vitamin A deficiency required to pnaluce these 
abnormalities can probably be reachecl in ordinary farm practice 
when the stock is fed low-grade hays for a period of several months. 

Yet even in the case of protein and vitamin A. the requirements for 
successful reproduction have not been shown to he beyond those for 
normal growth. Hence, if breeding diflicidties are encountered in 
any stock in which the immature animals show normal growth and the 
mature animals show general good health, it wqid<l jn’ohahly he profit¬ 
able to search for some infection or sexual pathology before giving 
s('rious consideration to possible dietary defects. 



THE RELATION OF 
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NUTRITION 
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WOOL 


by John I. Hardy and ImoRone P. Earle ‘ 


THERE is no doubt that nutrition affects hides and wool, but research 
has been too limited to give any detailed results. In summarizing the 
existing information, this article shows definitely that the level of feeding 
of sheep greatly influences both the quantity and the quality of the wool 
produced. 


The many uses of animal skins and their associated fibers—wool, 
hair, and fur—make the production and quality of these materials 
important in the economies of e-ssential commodities. However, ex¬ 
cept in those few enterprises specifically devoted to the production of 
furs, animal skins are more often than otherwise only byproducts of 
other industries, and the prochiction of animal fibem, even in the sheep 
industry, is frequently .secondary to the production of meat. Rela¬ 
tively few studies have been devoted primarily to the factors influenc¬ 
ing production and quality of skin compared with the large amount 
of research on the production of animals for meat. More attention 
has been given to the production of animal fibers, especially as repre¬ 
sented by the wool of sheep, and considerable progress has been made 
in this field. 

Breeding, nutrition, climate, sex, age, and management of the 
animals all probably influence the growth of skin and its associated 
fibers—wool, hair, and fur. Fraser (389) ^ has pointed out in a review 
of the influence of nutrition on wool that “the maximum quantity anc 
optimum quality of wool grown by sheep is determined by its genetie 
constitution,” and that “the importance of nutrition lies in the prO' 
vision of concrete materials for tne full expression of genetic potential 
ities.” This generalization probably applies to the production of otliei 
animal fibers and of skins as well. So far as is known, nutritive factor 
affecting the production of hide and hair are either dietary deficienciei 
or the factors that correct dietary deficiencies. It is believed that tlr 
amount and quality of body covering of an animal cannot be increasec 

1 John T. Hardy is Senior Animal Husbandman^ Animal Husbandry Division, and Imogene P. Earle 
Associate Biochemist, Animal Nutrition Division, Bureau of Animal Industry. 

? Italic numbers in parentheses refer to Literature Cited, p. 1076. 
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tlu'ougli change in the diet beyond tlie level resulting from a diet that 
su])plies in adecpiate amounts all the dietar>' essentials for mainte¬ 
nance, growth, and reprodnction. An improvement in quality beA'ontl 
that attained on an o|}timuni ration for health must be the result of 
changes in genetic factors or possibly in external environment. On 
the other hand, the kind and quantity of hide and hair produced modify 
the nutritive requirements of the animal. 

STRUCTURE OF SKIN AND WOOL 

A brief consideration of the nature and structure of skin and wool 
may lead to a better understanding of the role of nutrition in their 
production. 

Skins of all mammals are anatomically and jihysiologically similar. 
Leather may he made from them all, although tliere is a wide range 
in the texture of the prt)duct obtained. Skins in their raw state con¬ 
sist of three layers, the eimlermis or thin outside layer, a second thicker 
layer known as the coiium, and a third layer of adipose tissue or flesh. 
In the process of tanning, the first and third layers are removed. 

The epidermis is made up of cells - an underlayer of living epithelial 
cells atui an outer layer of dead cells. This outer layer consists mostly 
of an insoluble protein, keratin, and affords surface protection to the 
body. As these outer cells are lost they are replaced by the under 
layer of living cells. The eiiidermis has no blood vessels of its own and 
tnust obtain its nourishment from the blood and lymph supplied by the 
hlood vessels of the corium. 

The conum is made up of interlacing connective-tissue bundles, 
elastic fibers, and smooth muscle fibers. The texture of the 
corium nearest to the epidermis is finer and the connective-tissue 
bundles are more closely interwoven, while the deej)er portion nearest 
to the adipose tissue is more coarsely meslied. The fine-textured 
portion is recognized as the pajiillaiy layei’ and the coarser textured 
part as the reticular layer. It is the upjier jiapillan' portion that makes 
the grain in leather. 

Wool, hair, and other animal fibers grow from cavities (follicles') 
that surround them. The wool libel’s are first visible to the naked 
eye as they push up from the follicle through the minute recesses of 
the skin. The actual growth of a wool fiber takes place at the papilla 
in the bulb at its lowest extremity. The root ends of the fiber extend 
to varying depths in the skin. The cells formed at the papilla are 
pushed upward by the formation of new cells and become keratin¬ 
ized, or hardened, before they appear above the skin. Associated 
with the wool follicles are the sebaceous or fat-secreting glands, wiiich 
l^rovide oil to lubricate the fiber. There are also the sudoriferous 
glands, which exude sweat and suint. The excretions of these two 
kinds of glands form what is known as the yolk in a fleece of wool. 

Pure wool substance is essentially a structure made of the protein 
keratin. This protein constitutes the major substance of hoof, nail, 
and hair and is present to a lesser extent in the cells of the upper layer 
of the epidermis. There are apparently many keratins differing 
somewhat in composition according to the structure in which they 
are found, the species and color of animal, and other factors, including 
the nutrition of the animal. All keratins are characterized by a high 
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content of the sulfnr-containing amino acid, cystine. Keratins differ 
from other proteins chiefly in their insolnbility in neutral solvents 
and in their high sulfur content. 

Hides also consist chiefly of protein; because of the complexity of 
their structure they are made up of a number of different proteins. 

FACTORS INFLUENCING HIDE QUALITY 

According to Tanzer {1121) both thickness and quality of hides— 
and consequently of leather—are influenced by sex, ago, breed, man¬ 
agement, and environment of the animals producing the skins, and 
in the case of sheep, by the amount of wool grown on the hide. Fur¬ 
ther, there is considerable variation in the hide from one part of the 
animal to another. The larger animals grow thicker hides, and 
the skin on the main body of the hide is thicker than that found on 
the head, neck, and legs. The skin is also thicker on the back than 
on the belly. Tougher .skin is found on and near the shank, owing 
to the sparseness of hair and the mechanical activity of this portion of 
the animal. Bulls have thick hides, but the leather is soft and is held to 
tear more readily than that made from cows and steei’s, which hav(' 
smooth, strong, elastic skin. Rams have thicker and firmer skin than 
ewes and wethers. Leather from young animals is soften' and lighter in 
weight than that from older ones. (lenerally speaking, heavily 
wooled sheep seem to have thick, spongy skins. The skin of Merinos, 
for example, is thicker than that of wild sheep. Both cold and highly 
variable warmer climates are believed to cause the production of thick 
skin. Mountain range cattle, for instance, have coamer skins than 
those of lower altitudes that are fed in barns. 

That nutrition also affects the thickness and quality of hide has been 
demonstrated by the work of Clark, Stuart, and Frey {213), who made 
a comparative study of the hides of full-fed and underfed lambs. 
In this study nine lamb wethers on full feed received a daily ration 
of 1.20 pounds of grain, 0.60 pound of corn silage, and 1.01 pounds of 
clover hay, while their twin brothers received an “under feed” daily 
ration of 0.22 pound of grain, 0.59 pound of corn silage, and 0.5h 
pound of clover hay. The feeding test lasted for 112 days, during 
which the full-fed lambs nearly doubled their weight while the weight 
of the underfed lambs remained practicailly the same throughout the 
feeding period. The final average body weight of the full-fed lambs 
was 88.7 pounds and that of the underfed lambs 49.9 pounds, and 
the weight of the whole skins was 7.888 and 3.72 pounds respectively. 
Grain, reticular layer, and whole skins all averaged thicker for the 
full-fed group (fig. 1). The finished leather in the full-fed group 
averaged 0.046 inch and that in the underfed group 0.026 inch in 
thickness. The leather of the full-fed group averaged much strongei 
and had a greater tear resistance and a greater stretch at the point 
of rupture, but the strength of cross sections of equal area was approxi¬ 
mately the same. The grain surface of the leather from the full-fed 
lambs was more developed than that of the underfed group, whicli 
was appreciably flatter. The most significant chemical differencf 
in the skins was that those of the full-fed group contained a highei 
percentage of fat and also more cystine. 

Frey, Clarke, and Stuart {394) Investigated the cause of fatty spotf 
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Hffire 1. Cross sections of skins of lambs showing dilTerences in develo|>inenl as a resnit of feeding: A, From full-fed lamb: B, from 

underfed lamb. XS-S. 
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or “kidney grease” in heavy cattle hides and leather and found indi- 
(‘ations that this defect may be associated with the increased fat 
content of hides from animals that have been on full feed. 

EFFECT OF PLANE OF NUTRITION ON WOOL 

Xiitritional research on animal fibers has becjn concerne<l almost 
wholly with the wool libers produced by sheep. For over 100 years 
reiiorted casual observations have indicated that gross weight an<l 
(luality of wool can be inlluenceil by nutrition factors occurring under 
natural feeding conditions. The production of a tine li^ht tjeece has 
been associated with light soils, strong harsh wool with limestone 





Figure 2. A weak spot in a staple of wool eaiise<l h} serious luitrilional disturhaiiee. 

soil, and a characterless wool lacking in crimp with a heavy clay soil. 
Further, it has been said that the best quality of wool is grown in a 
country that produces short sweet grass, and that liberal feeding 
increases weight of fleece. Experimental evidence obtained from 
controlled feeding trials tends to supjiort these popular beliefs. 

Tinley’s observations (1138) indicated that lush pasture is asso¬ 
ciated with the production of a coarse, heavy tleccc and sparse pastur¬ 
age with a finer grade of wool. There is ample proof in the literature 
that any combination of feeds that maintains sheep in good vigorous 
condition tends to produce a heavier fleece than rations that are less 
satisfactoiy for maintaining general health and vigor. Wilson (1235) 
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compared the flooees of sheep on a fattening ration with those of shec]) 
kept on a siibmaiiitenanee ration. ^Fhe sIhh'}) oji the fattc'nin^ ration 
produced 848 percent more scoured wool, and it was 141 percent 
longer and 207 percent higher in hreaking strength tlian that produced 
by sheep on the suhmnintenan(‘e ration. Kesults reported by Snell 
{1087) are somewhat similar in that he observed that sheep on a low 
plane of nutrition produced lighter, shorter, finer, and more crimpy 
wool than their mates tliat were receiving more feed (fig. 2). Snell 
also showed that a lower plane of nutrition may result in shed fleeces. 

It has been observed that when sheep have been improperly fed, 
even for a short time, and also in cases of disease, the fibers of the 
fleece often become reduced in diameter and as a result break easily 
(fig. 8). Such fleeces are said to be tender. When the condition of 



Figure — A normal \m)o 1 iilior roiilraslcd nilL a >\eak broken one. 

malnutrition or disease continues for a protracted period, the fleece 
becomes so weakilned that it is easily plucked from the skin. This 
(‘ondition is thought to result from any cause that results in low 
vitality or poor health. In some of the Southern States considerable 
difriculty is encountered in maintaining sufficient control over parasites 
to keep the sheep healthy. In such localities shed fleeces are not 

uncommon. . 

Authorities are not agreed, however, as to the extent or limitations 
of the effect of plane of nutrition on quality and growth of wool 
It appears that the change in fleece weight resulting from a lowered 
plane of nutrition is in general associated with a decrease in length 
and diameter of fiber. The fact that improved nutrition of the sheep 
results iu an increased coarseness of wool has occasionally been con¬ 
sidered a disadvantage, but the slight lowering in count is more than 
offset by the increased value of the fleece as a whole. 

1 ;«)- 33 
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ENERGY AND PROTEIN NEEDS FOR WOOL PRODUCTION 

Tlie eiu'rfjy and total protein stored in the production of wool have 
l)een estimated by Mitcliell. Ivainnilade, and Hamilton (801) in the 
ctnirse of a study of the utilization of a ration of alfalfa hay and corn 
by lambs. Tliey estimated that durmg the process of fattening, while 
body weight increased from 65 to 70 pounds to 90 pounds, the increase 
in amount of wool accounted for 8.8 percent of the dry matter gained, 
2(5.3 of the protein. 2.1 of the fat, and 5.2 percent of the energy, 
d'he daily wool growth of these lamhs contained 0.086 pound of protein 
and 377 calories for each 1,000 pounds of live weight. These same 
investigators in an earlier e.xperiment with mature sheep found a 
more rapid daily wool growth equivalent to the deposition of 0.149 
pound of protein and 5(56 calories per 1,000 pounds of live weight. 

Since wool fiber is chiefly protein, the study of effect of nutrition 
on the production of wool is especially concerned with the metabolism 
of protein and the conditions modifying it. Considerable work has 
been done to determine the effect of feeding high and low levels of 
protein. Results of such trials have sometimes seemed contradictory, 
i)ut in general they tend to support the conclusion that the total protein 
requirements of sheep are not remarkably high in spite of the e.xtra 
pi-otein required for wool production, and that protein in excess of the 
re(|uirement for maintenance and growth is apparently without 
elfect on wool production. 

Marston (7-55) fed blood meal as a protein supplement to a large 
group of Merino ewes and lambs on the range and obtained a 35- 
percent increase in clean fleece weight as compared with the group 
of controls receiving no blood meal. He attributed this increase 
to the content of the amino acid, cystine, in the protein of the blood 
uu'al. However, Fraser {389) has pointed out that these results are 
also open to the interpretation that the level of protein, rather than 
content of cystine, may have been the controlling influence, since 
.Marston did not feed the control group a like amount of protein poor 
in cystine. Fraser and Roberts (5.9/) were unable to show that wide 
variations in the protein level when other nutritional factors were 
kept constant caused any significant difference in wool charactensitics. 
It is believed, however, that the basal ration in this study contained 
sufficient protein to provide for both body growth and wool growth. 

CYSTINE REQUIREMENT 

Much of the research on the relation of nut rition to wool production 
has been directed in recent years to the role played by sulfur or 
sulfur-containing compounds in the growth of wool.' Sulfiir occurs in 
luotein as one or both of the two sulfur-containing amino acids, 
cystine and methionine, and as inorganic sulfate. In the protein of 
u ool or hair, most of the sulfur present is accounted for by the cystine, 
which constitutes approximately 13 percent of the keratin, whereas 
the proteins in animal and vegetable foods contain only 0.3 to 4 
()ercent of cystine. 

For many years cystine has been considered indis[)ensable for 
growth and health and incapable of being synthesized by the animal 
body from other substances. If it is assumed that cystine must be 
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supplied pi'eformed in the food, a low level of protein in the pasture 
or other feed or protein low in cystiiie would seriously limit wool 
growth. It has been su^^estcd that the capacity of any territory for 
carrying sheep is determined by the content of cystine in its pasture 
grasses. 

However, the requirements of sheep for preformed cystine have 
not been determined. Several workers have suggested that cystine is 
synthesized within the body of the sheep. Fraser and Roberts (391) 
estimated that the consumption of cystine was not siiflicient to account 
for all that was laid down in the wool grown. They suggested that 
cystine was synthesized by the wool follicle. Rimington and Bekker 
G%*7) also calculated that the amount of cystine deposited in the wool 
of sheep during a year was more t han was contained in all the pasture 
grass they could possibly have consumed. These workers suggested 
that cystine must be synthesized from proteins by bacteria in the 
rumen and intestine. Such conclusions, however, are based on 
available analyses of the cystine content of jiasture herbage and other 
feeds and are open to fjuestion because of tlu' nurj'Iiability of methods 
used in the determination of cystine in fec(H containing carbohydrate. 

Another line of investigation that may ha\(' an indirect bearing on 
the ])roblem of the re(|uirements of thi' ^heep fni* pieformed cystine 
deals with the relationship l)et\\e<'n cystine and methionine. Recently 
Rose {936) has shown, as a result of experiments with rats, thatmethio¬ 
nine ]*athei' than cystine is the indispensal)le fa(‘tor. The inclusion of 
methionine in a cystine-free diet induced as rapid irrowth as the inclu¬ 
sion of both cystine and methionine. (Vstine without methionine, 
however, was without effect, although cystine with a suboptimal rpian- 
tity of methionine stimulated growth. Marston (75Ji) studied the 
(dfect of administration of cystine, (ystidne (a (‘ompound that yields 
(ystine on oxidation), sulfur, and methiimine on the growth of wool 
on a. ewe receiving protein-poor rations. It had been found that on 
the basal ration alone ewes could maintain their weight and produce 
about bO percent of the wool usually grown on pasture. Marston 
found that 1 gram of cystine added to the daily ration increased the 
growdh of wool about 14 percent. Wool production was increased 
percent when 1 gram of <’ysteine was injected daily, instead of being 
fed, to avoid destruction of the bacteria in the intestinal tract. The 
daily addition of 1 gram of sulfur to the ration was without effect. 
A small but not very significant increase in wool growth resulted from 
the daily injection of sufTicient methionine to supply the same amount 
of sulfur as 0.5 gram of cysteine. 

This work indicates that (*ystinc (or its derivative (ystciuc) is iiiotc 
readily available for the keratinization of wool protein than methionine 
and lends support to the idea that the feed is the chiel source of wool 
cystine. 

EFFECT OF CARBOHYDRATE ON WOOL GROWTH 

Fraser and Nichols {390) have studied the relation ot the carbohy¬ 
drate content of the diet to wool grow th and have shown that though 
wool is a protein structure it can be influenced by the carl >hydrate in 
the diet. They fed a group of sheep on a balan<'e<l maintenance ration, 
half the sheep receiving 1 pound of maize daily in addition to the basal 
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rntion. These luuiiuils Inul double the wool i)ro(luetion of those not 
Ted niiuze. The iiuuease in weight of wool seemed to be ehielly due 
to the greatei’ thickness of the individual wool liber. This effect was 
probably due to the fact that the readily available carbohydrate in the 
maize could be useil foi'energy and hence the available protein in the 
ration was utilized more elliciently for building and'repair. 

OTHER NUTRITIONAL FACTORS 

fjittle work has been done on the specific effect of the vnirious nutri¬ 
tive' factors other than proteins on the development of wool. Experi- 
('nees in practical slu'e'p raising have demonstrated, however, that well- 
h'd animals liave good fleeces and that many nutritional deficiencies 
interfere with the growth of wool. 

The importance of a suflicient supply of minerals in the diet has been 
li'cognized, and mineral deficiencies liave been the subject of much 
research. There is no evidence that mineral deficiencies interfere 
with the growth of wool except as they affect the general health of the 
animal. It has been observed that under circumstances that imi)ose a 
phosphorus deficiency on sheep there is a (h'crease in wool production. 
Tdie evidence indicates, however, that the decreas(‘ in feed consumption 
indu(‘ed by the phosplunos deficiency, and not a specific lack of the 
mineral, is res])onsible for the interference w ith wool grow th. (.\)rree- 
tion of i)h()sphonis defich'iicy, therefore, serves to im])rove wool grow th 
insofar as it increases tli(‘ intake of protein, (‘arbohydrate, and otlu'r 
nuti’itive ('lements. 

The lesults of work wdth laboratory animals in connection with the 
study of vitamins lias shown that dh'tary deficieiu'y often causes a 
rough hide, a poorly devedoped coat, or (‘ven tlu' loss of hair. A notalde 
('xample is the dry, curly hair obtaiiied by Hughes {oo()) on pigs kept 
on du'ts di'ficient in vitamins of the B complex. 

With the knowledge that has been acquired from studies on small 
lalioratory animals and on some kinds of livestock, a new field is indi¬ 
cated for research on animal fibers and hides that should yield funda¬ 
mental information concerning their production. New techniques now 
being jierfected for measuring quality in fibers and hides should greatly 
expedite such a program. 



THE NUTRITION OF VERY 
YOUNG ANIMALS 


by Imogene P. Earle < 


VERY young farm animals have rather speeial nutritional needs that 
are normally supplied hv the milk of the dam. Sometimes. ho\vev(‘r. the 
\oung animal is an orphaiu and frequentl\ voung animals are taken away 
from their dams at an earl\ age. This diseussion deals with ealves. foals, 
kids, lambs, pigs, and puppies, telling about their nutritive needs and 
covering sueh subjeets as the eharaeteristies of eolostriiin milk, substitutes 
for mother’s milk, and the weaning process, \nother article in this book 
covers the feeding of <lair\ calv<‘s in greater detail. 


Very young inaininals have s])eeial nutritive recpnrements which, 
under natural conditions, are adequately met l)y the milk of the dam. 
This milk is a food adapted to the more or less undevel()})ed eating 
habits and digestive functions of the offsj)ring and is designed by 
nature to meet the specific nutritive needs of the newborn of the 
specie.s for which it is supplied. Thus for a period following birth, 
the young mammal remains more or less dependent on its dam for 
nourishment. This suckling period is one of changing retiuirements 
and of transition from the complete dependence of the tetal state to 
a condition of entire nutritional independence from the maternal 
animal. 

Immediately after birth most young mammals are nourished eip 
tirely on milk. Other foods are gradually substituted for milk until 
they have replaced it entirely, and from then on the young animal 
may be fed the same varieties of feeds su])plied to the adults. 

Where the nutrition of the young is the sole consideration, the 
most satisfactoiy and economical procedure for feeding young 
mals during the suckling period may be outlined as follows: (1) llie 
proper feeding of the dam for the production of a sufficient supply of 
milk; (2) opportunity for the young to suckle their dams at will for a 
suitable period after birth; (3) at an advanced stage in the suckling 
period, the provision of suitable feeds to supplement the (.am s milk. 

» Imogoiie P. Earle is Associate Biochemist, Animal Nutrition Division, Bureau of Animal Industry. 
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Under certain circumstances it may be necessary or desirable to 
feed some substitute for the natural milk of the dam, eitlier from birth 
or beginning at some time after birth, fn the case of the cow, where 
the economic value of the milk must be considered as well as the 
nutrition of the young, considerable attention has been given to 
studies of adequate methods of feeding the calves on a minimum 
amount of whole milk. Feeding of the young of all farm species 
becomes a problem when the dams die or refuse to suckle their young, 
or when their milk is insuHicient in quantity or is unsuitable for some 
reason, such as disease. In such cases, ])articularly if the animals 
are of valuable stock, it becomes of prardical imiMudance to be able to 
feed the young animals by hand. The labor involved is no small 
item, however, and may be a limiting eonsidenttion. The careful 
pre])aration of feed, and the frequency with which the ymung must 
be fed during each 24 hours, all tend to make any system of haiul 
feeding rather e.v])ensive aside from the actual cost of the feed con¬ 
sumed. The saving effected on feed consumed by dairy calves more 
than offsets the cost of labor. 

The feeding of maternal animals for the production of milk is 
treated elsewhere. The present article is concerned jmmarily with a 
discussion of the general nutritive recpiirements of the very young; 
the functions and characteristics |)eculiar to the colostrum and milk 
of materind animals of different species; and some substitutes that 
have been used to replace, either wholly or ])artially, the natural food 
of sucklings. The article will also include a brief treatment of feeds 
suitable for supplementing the dam's milk during the su<d<ling period. 
The animals with which this discussion is chiefly concerned are young 
calves, foals, kids, lambs, pigs, and |)U])i)ies. 

INFLUENCE OF IMMATURITY ON NUTRITIONAL REQUIREMENTS 

From the point of view of nutrition. th(> birth of a young mammal 
marks an abrupt and radical change from the state within the uterus 
intra-uterine - in which it is passively nourished by the blood of the 
mother, to an euvironnu'ut in which the still immature orgaiiisrn must 
take in its own food, digest it, and absorb from it the factors required 
for maintenance and further develo])ment. The state of develop¬ 
ment of the newborn and the degree of dejxMidence oti the matiM iial 
aninral varj' in different species. For e.vample, the young guinea pig 
at birth is quite active; it scamj)ers about as soon as born, and will 
begin to eat whatever food is availabh* to the mother almost at once. 
Young pu})pies on the other hand are (uitirely helpless; their eyes 
are not open until 9 to 14 days after birth, and it is not until some 
time later that they are able to walk about. 

While the newborn of some species are more mature, with respect 
to their ability to obtain and assimilate food, than those of others, in 
no mammalian species is the young animal equip[)ed at birth to main¬ 
tain itself entirely on the kind of food suitable for the adult. In the 
first place it is deficient in the digestive enzymes o|)erating in the adult. 
Further, its metabolic rate exceeds that’ of the adult, and conse¬ 
quently its energ>' requirements for maintenance alone arc greater in 
|)roportion to size. In addition to energy requirements, its demands 
for building materials proteins and minerals are great, since the 
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most rapid growth occurs in the suckling period. This ineHUS that 
tlic feed must he of a kind the young aniimd can easily digest, and that 
it must be fed frequently in order that it may have a sufficient quan¬ 
tity to meet its demands. 

Another factor which must be considered in connection with a 
young animaPs early nutrition is the undeveloped power for building 
up active resistance agahist bacterial infectiojis. The mature animal 
actively resists many kinds of commonly occmiTing bacteria that 
invade its body by developing immunity-conferring substances that 
(Constitute a protection against diseases caused by these bacteria. The 
very young animal a])parently has not the same*ability as the mature 
animal for devcdoping its own immunity to tlu'se diseases, and hence 
is largely dependent for |)rotection on the antibodies that have been 
conveyed to it by the dam, either through the jdacenta l)efore birth 
or through the (‘olostrum, or first milk, shortly ait cm* birtli. 

Tn all mammals \\\o developing embryo oi‘ fetus is nouiished 
through the |)la(‘ental tissiu's, which <constitut(c tlie attachment of the 
Ictus to the uttnus. Tin' placenta accoininodales both maternal and 
fetal circulations, holding tluMii apart physi(*ally so that the maternal 
blood can n(cvei‘ b(‘ directly introduccul into thc^ fetus, \o\ pcTinitting 
the passage' through tlu' -ie'parating nnunbranes of thos(‘ Nul)stanc(‘s 
that mak(' up the food supply of the fetus. The structure' of the 
membranes separating tin* two (‘irculatory syste'ms varies in diffei'ent 
sp('<*i('s. 

It has been sugg('sted - that the permeability of these mem- 

braiu's to immum' substance's varie^s ae'cording to the' number of layers 
of ce'lls com[)osing the separating membrane's. In human Ix'ings and 
in the rodents tlie' placenta interpe^se^s only one layer of (*ells be'- 
twe^en the maternal and fetal circulations, and immune substances 
are transfe'rre'd, in part at le'ast, through the placenta. The human 
infant at birth a])pare'ntly has a su|)ply of many, if not all, antibodies 
l)re'sent in the circulating blexul of the mother anel iie^ne*e is resistant 
te) the)se disease's te) whie*h the me)ther is inuiiune. In the pig, the 
horse, anel the ruminants a multiplicity of cedi layers intervenes be- 
twe'en the' maternal and fetal blexxls, anel in these species there is 
apparently ne) transfer of immune boelie's thremgh the plae'e'iita. The 
newborn e>f the^sc' s])e'cies are depe'udent on the absorptie^n e^f such 
substances from the colostrum of tlie dam. In the carnivores, exempli¬ 
fied by the dog, the separating membrane's are made up of oiily two 
or three cell layers, and the possibility ol jilacental transfer of immun¬ 
ity appears givate'r than in otlu'r specie's ed domestic aninials. Hence 
immunity may well be less of a nutritional problemi in the pupfiy 
than it is in the (*olt and calf. 

COLOSTRUM 

Obseu'vations ove'i* the', course' of many years have slmwn that ne^r- 
mally the proelueds eif mammaiy seM'retion ot the maternal animal aie 
satisfacte^rv foods for her young. Tim re'qiiire'inents of the newborn 
difl’er from those of the oleier suckling in that they are those of a less 
mature animal. They are, however, adequately inet bv the colos¬ 
trum, the first product of mammary activity after birth. 

^ Italic numbers in partMitliCJ^es refer f<» Literature ( itoil, i>. 
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The colostrum difTers substantially from the later milk. It is a 
much more concentrated fluid -that is, it has a higher percentage of 
solids. The constituents of the later milk are present but in different 
proportions. In addition, other factors are present wliich give colos¬ 
trum certain biological properties that the later milk does not have. 
The composition of the colostrum varies within *wide limits and 
changes rapidly following the birth of the yoxmg. There is consider¬ 
able variation in the length of time during which the colostral char¬ 
acteristics of the milk pemst, even in different individuals of the 
same species. Usually, however, these characteristics are not observed 
in the milk after the fourth or fifth day following birth. 

The most significant difference in chemical composition lies in the 
high concentration of protein characteristic of colostrum from all 
species. This protein belongs largely to the groiip called globulins, 
and it has been found to be identical {2^1, 1206) with the globulins in 
the blood serum of the same animal. The concentration of globidins 
has been reported to run as high as 17 percent in mare’s colostrum 
and as high as 15 j)ercent in ewe’s and sow’s colostrum (289). The 
percentage of globulin rapidly decreases in a few hours, as the data 
presented in table 1 show for the mare, goat, and ewe {289). 


Tabi.e 1 .—Rapidity of rhang(‘ in concentration of certain proteins in colostrum 
o f the rnare^ and ewe 


Species of 
animal 
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Goat 
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1 
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1 1 
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1.76 

6.04 

12 

2.06 

1.22 

2.40 

1 24 

.42 
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1.84 
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i .69 
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Species of 
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Proteins present in colos¬ 
trum 


Globu¬ 

lins 


Albu¬ 

min 


Case in 


Hours 
if 0.5 
|1 24 


Percent 

14.28 

1.21 


Percent 

1.79 

.99 


Percent 
(i. 51 
4.72 


It has also been shown that the colostrum of the mare, cow, goat, 
and ewe may contain antibodies—bodies that protect the animal 
against foreign substances, such as bacteria and to.xins—in higher 
concentration than does the blood and that these are associated with 
serum globulins of the same animals {60, 356, 691, 758) The con¬ 
centration of antibodies apparently diminishes as globulin concen¬ 
tration diminishes following parturition, although it is possible to 
have colostrum of relatively low globulin and high antibody con¬ 
centration. It has been assumed that the colostrum globulins are 
probably serum globulins that have been secreted unchanged together 
with the associated antibodies from the blood of the animal. 

Practical observations have shown that newborn mammals have a 
better chance of survival when they receive the first milk of their 
dams soon after birth. Hence several functions have been attributed 
to this first Q^k or colostrum. Many livestock owners still think 
the chief funclfon of the first milk is that of a laxative essential for 
the removal of the meconium, the first matter discharged from the 
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bowels of the newborn, Bauer (67) and Birk (105) have expressed 
the view that colostrum, with its high concentration of blood proteins, 
is especially designed as a suitable and necessary food for the young 
animal in the first and most difficult stage of adjustment after leaving 
the uterus, where he has been nourished wholly by the maternal blood. 
The high concentration of nutrients in an easily digested ami assimi¬ 
lated form is doubtless one of the advantages of colostrum to the 
young. 

The possible function of colostrum in supplying the newborn 
animal with vitamins should not be overlooked. Dann (360) found 
that cow’s colostrum has a concentration of vitamin A which may 
be 70 times as great as that in later milk. This is especially significant 
in view of the fact that the body of the newborn calf has a very low 
supply of vitamin A (444)- CW’s colostrum may contain also 3 
times as great a concentration of riboflavin (vitamin G) as the later 
milk ( 647 ). This concentration of vitamins in the colostrum may 
not occur in all species. 

The most important function of colostrum, however, is undoubtedly 
its role in the passive immunization of tlie young against disease. 
The young calf, foal, kid, lamb, and pig (366, 691, 768, 842) lack at 
birth the antibodies present in the blood of the dam and the protein 
fractions (globulins) with which these antibodies are closely asso¬ 
ciated in the blood serums (389). Shortly after the ingestion of 
colostrum, both antibodies and globulins appear in the blood serum 
of the young suckling. These substances absorbed from the colostrum 
usually endow the newborn with sufficient resistance to protect it 
from infection by many of the kinds of bacteria commonly present 
in the usual farm environment until it is able to elaborate an active 
immunity. Without the jiassive immunity conferred by the colostrum, 
a large percentage of the voung succumb to infection by organisms 
that do not affect older animals. 

SERUM AS A SUBSTITUTE FOR COLOSTRUM 

The remarkable ability of the gastrointestinal tract of the newborn 
to absorb immune bodies and globulins from the colostrum diminishes 
rapidly after birth. After the second day following birth, absorption 
can no longer be readily demonstrated. This permeability is some¬ 
what selective, since it permits the passage of large amounts of 
colostrum globulins, while apparently no demonsti’able amounts of 
casein and lactalbumin are absorbed. 

That antibodies can also be absorbed from serum either of the same 
species or of another species when these products are fed by mouth 
or are injected under the skin has been demonstrated in foals, lambs, 
puppies, and calves (768). Since serum from the dam contains the 
same immune bodies found in the colostrum and is an easily absorbed 
substance, serum from the same species is the most obvious substitute 
for colostrum in the transfer of passive immunity. In fact, it has 
been fed as a substitute for colostrum to calves (1085) and to foals 

and lambs (406). . . 

Smith and Little found 200 to 350 cubic centimeters of cow serum 
fed in milk to young calves to be partially successful as a substitute 
for colostrum. Better results were obtamed when 60 cubic centi- 
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meters of serum was injected and 120 cubic centimeters fed. In some 
experiments reported by the Bureau of Animal Industry 1 liter or 
more of horse serum substituted for a like volume of water in a 
dried-milk mixture was used with entire success to replace colostrum 
in rearing healthy foals (406). Other colts in the same experiment, 
fed the milk mixture without the serum, all died. This represents an 
extreme rather than an average death rate, since it is not impossible 
that some colts may survive without the benefits of colostrum or 
serum. Sheep serum to which was added 15 percent of dried whole 
milk was used as a substitute for ewe’s colostrum, but with somewhat 
less striking results. 

COMPOSITION AND NUTRITIVE VALUE OF MILKS 

The milks of all species are similar in that they are all mixtures 
of similar chemical substances, including fat, lactose (milk sugar), 
proteins, vitamins, inorganic salts, and water. Yet there are marked 
species differences in all milks, the most apparent of which are in the 
relative proportions of the various constituents. Abderhalden (4) 
directed attention to a relationship between the concentration of 
protein and minerals in the milks of different species and the length of 
time required for the young of the species to double their birth weight. 
The data he compiled to illustrate this relationship indicate that the 
more rapid the rate of growth and development of the voung. the 
greater is the concentration of protein and minerals needed in the milk. 

The percentage composition of the milks of the six species with 
which this discussion is concerned are given in table 2. The (|uantita- 
tive differences in the chemical composition of the different milks are 
obviously of considerable importance in meeting the nutritive require¬ 
ments of the young. If one can assume that normal milk of the same 
species is the best food for the nutrition of the young, then the carbo¬ 
hydrate-fat-protein latio in each milk is probably one particularly 
favorable to the digestion and metabolism of the food factors required 
by the suckling of that species. 


Table 2 .—Average composition of different milks 


Species 

Water 

Pro¬ 

tein 

Fat 

Tiac- 

tose 

Ash 

S[>ecics 

W ater 

I^ro- 

tein 

Fat 

Lac¬ 

tose 

Ash 



Per¬ 

Per¬ 

Per¬ 




Per¬ 

Per¬ 

Per¬ 

Per¬ 


Percent 

cent 

cent 

cent 

Percent 


Percent 

cent 

cent 

cent 

cent 

Horse ^. 

89.04 

2.69 

1.69 

6.14 

0.51 

Sheep ^_ 

82.90 

5. 44 

f>. 24 

4.29 

0. 8.' 

Cow»_ 

87.90 

3.13 

3. 6.5 

4.50 

.72 

PlK‘.- 

82.02 

6. 22 

6. 77 

«4.02 

. 9- 

Goat J_ 

87.14 

3.71 

4.09 

4.20 

.78 

Dor r. 

80.1 

'7.3 

8.5 

2.8 

1.3 


1 Linton (686). »lluKhes and Hart (567). 

* White (857, p. 66). ® Difference between total solids and proteins 4-fat 4-ash. 

* Frahm (S81). ^ Linton (688). 

< Weiner (1198). * Difference between total solids and fat 4-lactose-fash. 

Campbell, publishing in collaboration with Supplee and Ware {18S), 
has stated that the carbohydrate-fat balance tolerated bv young 
puppies has a very narrow range, particularly in artificially fed 
puppies. There is evidence that the limits of the carbohydrate-fat 
ratio tolerated by the young of other species is much wider. Linton 
(686), anal^rzing milk from 142 mares, observed that those foals 
receiving milk abnormally low in lactose, a carbohydrate, appeared 
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malnourished, whereas milk somewhat high in lactose was well 
tolerated. Variations in fat, on the other hand, unless the fat con¬ 
tent of the milk wjis quite high, seemed to be without influence on the 
condition of the foal. Ritzman (970) made some observations on the 
relation between the fat content of ewe’s milk and the weight increase 
in lambs on the different milks. He found a considerable fluctuation 
in rate of weight increase, hut it bore no definite relationship to the 
percentage of fat in the milk. He concluded from his practical obser¬ 
vations that a quantitative variability in milk fat is not significant 
in the nutrition of lambs so long as the demands for protein, minerals, 
and vitamins are met. The excellent resiilts reported by Converse 
and Meigs ® and by Archer, Archer, Bond, and Dunlop (27) from the 
feeding of calves on skim milk ])lus cod-liver oil show that the carbo¬ 
hydrate-fat ratio well tolerated by tlu; calf has very wide limits. 

Wliile it is evident that the amoutit of fat in the ration of the 
suckling foal, calf, and lamb may be considerably reduced below tlie 
avc'rage of fat i?) the normal milk of the res])ective si)ecies without 
unfavorable effects on the sucklings, it seems that some milk fat is 
necessarA’ in the ration of the growing animal to supply the essential 
fat acids or fat-acid compounds necessary for growth and to serve as 
a medium for fat-soluble vitamins. 

Lactose seiwes as a source of energy in the ration of the young 
animal. It also plays a part in the utilization of calcium and phos¬ 
phorus. French and Cowgill (39S) have shown that in the immature 
animal lactose has a definitely favorable influence on the utilization 
of calcium and phosphorus. There is some indication that tlie ratio 
of protein to lactose is an important factor in this role of lactose, since 
a favorable effect on calcium metabolism is obtained from lactose in 
parathyroid tetany (574), <lisease condition marked by a low level 
of calcium in the blood, only if the ratio of protein to lactose does 
not go above 4 parts of protein to 1 part of lactose, oi- below 2 parts of 
protein to 25 parts of lactose. 

There are other differences in milk the importance and significance 
of which are not so obvious as are differences in the percentages of 
constituents. Difl’erences in such factors as the physical state of 
the fat, the size and toughness of the curd formed, and the capacitv of 
the milk to resist change in acidity with the addition of acid or alkali 
may be important in the digestion of the milk. Again, differences 
in the com])osition of the various constituents themselves may be of 
as great significance as differences in their concentration. 

Milk fat has characteristic j)hysical properties and fat-acid corn- 
position for each species. It is to be expected that it also differs in 
biological properties. 

Milk proteins likewise vary with the species in chemical composition 
and in immunological properties. Usually an immunolopcal or 
defensive reaction occurs when a protein from one species is intro¬ 
duced into the blood stream of an animal of an unrelated species. 
When such a reaction is produced the jirotein causing it is designated 
as antigenic. Milk proteins are antigenic, some jrroducing inore 
marked antigenic reactions than others. The term “milk protems 

» Converse, H. T., ami Mkh.s, E. B. vitamin replaces whole milk in the calf ration. U. S. But. 
I^airy Indus. Leaflet 731, 3 pp. fMimooKTaphod.] 
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includes at least three chemically distinct proteins—casein, lactnl- 
humin, and lactoglobulin. These three proteins var>^ by sjjccies in 
their ratios to each other. Casein, which is found only in milk, 
forms the bulk of the protein in that of most domestic species. 
Though the caseins of all species are rather closely related immuno- 
logically and are similar in chemical comi)osition, species differences, 
thoxigh not great, do exist. Lactalbumin also is a protein found only 
in milk, although it is somewhat similar to the serum albumin of the 
same species. The lactalbumins of different species are distinct and 
different. Lactoglobulin has been shown to be identical with serum 
globulin of the same species and, like the serum globulin, to differ 
with species. 

These tliree milk proteins differ from each other in their value as 
body-building material. Osborne and Mendel (882, 883) have shown 
that the fraction of milk proteins containing lactoglobulin and lactal¬ 
bumin is utilized much more efficiently in the growth of young animals 
than the casein fraction. That milk proteins as a whole are more 
efficient than vegetable proteins has been indicated by data from 
many experimenters. 

In the feeding of milk of one species to the young of another the 
potential effects of the antigenic differences in the milk proleins are 
often overlooked. It has long been recognized that in general the 
young of one species thrive better on milk of their own kind than on 
that of another species. Furthermore, the sooner after birth the milk 
of another species is substituted for milk of the same species, the more 
unfavorable is the outlook for the young animal. The results of some 
studies published by Bilek (100) are cited as indicating that some of 
the unfavorable effects so often obtained from feeding milk of another 
species may well be attributed to qualitative rather tluin quantitative 
differences. In these experiments, cow’s milk and goat’s milk were 
fed to the young of several species. The different species did not react 
alike. Kids used both milks equally well, while calves reacted to 
goat’s milk with severe gastrointestinal disturbances which lasted as 
long as goat’s milk feeding continued. Pigs showed no disturbance 
on cow’s milk but reacted to goat’s milk in a fashion similar to that 
observed in the calves. Foals showed a stubborn diarrhea when fed 
undiluted cow’s milk but not the slightest disturbance on goat’s milk. 
Since the two milks are very similar in percentage composition, the 
resxilts indicate the presence in the milk of substances incompatible 
or toxic to the animals that reacted unfavorably. It is sxiggested that 
the incompatible factors are proteins. 

It is known that the presence of a foreign protein undigested in the 
circulating blood is more or less toxic to an animal and may produce 
a sensitization to further additions of the foreim protein. It has been 
established that the newborn animal normally absorbs considerable 
protein undigested through the gastrointestinal wall. Although this 
apparent permeability decreases rapidly after birth, it probably does 
not cease abruptly, since, as Ratner (948) has shown, it still occurs to 
some slight extent in about 50 percent of adults. 'The possibility of 
the absorption in the very young suckling of appreciable amounts of 
undigested and sensitizing foreign protein might be a major factor in 
the incompatibility of the milk of one species for the young of another. 
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PRACTICAL POINTS ON THE FEEDING OF SUCKLING ANIMALS 

Whether a newborn animal is to be suckled by its dam or by a 
foster mother or is to be fed by hand, it should if possible receive 
colostrum of its own species. Wlien this is not available serum of its 
own species is suggested as the substitute most likely to be successful 
in protecting the animal against disease. Since normal serum for 
feeding is not at present readily available as a commercial product, the 
farmer or stockinan will probably require the services of a vcteriTiarian 
in the preparation of blood serum from adult animals for use as a 
colostrum substitute. This serum may be fe<l with milk, it may be 
injected, or it may be administered in both ways. Only sterile senim 
should be injected, of course. It is important that the protective food, 
whether colostrum or serum, be fed as soon as possible after birth, 
since the protection it confers is probably )ieeded within the first few 
hours. 

FREQUENCY OF FEEDING 

Where a system ot band feeding is to be employed, the frequency 
of feeding is an important factor in its success. The young pig left 
with the sow has been observed to suckle 24 tiihes within 24 hours, 
the young foal 20 times in the same interval. Calves, kids, lambs, and 
puppies probably suckle with a similar frequency. Thus the nutritive 
requirements of the young animal are met naturally by small quanti¬ 
ties frequently supplied. Such frequency is obviously impractical in 
hand feeding. It has been found that calves, after the period of colos¬ 
trum feeiling, do quite well on two or three feedings a day. Newborn 
foals, kids, lambs, and pigs have done very well when started on five 
feedings a day. This schedule was arbitrarily adopted with good 
residts in st)me feeding experiments carried out at the Animal Hus¬ 
bandry Experiment Station at Beltsville, Md. Equally good residts 
may perhaps be obtained with less frequent feedings. The five daily 
feedings may certainly be reduced to four within 4 or 5 days, and to 
three within 2 weeks. Frequent feeding is much more important 
during the first few days after birth, while the animal is making its 
adjustment to a new environment, than at a later period. 

FEEDING CALVES 

The methods in use in the feetling of calves may be enumerated as 
follows: (1) Suckling by dam; (2) feeding whole milk; (3) feeding skim 
milk or separated milk; (4) feeding reconstructed dried skim milk, 
that is, with water added; (5) feeding calf meals or gruels with a mini¬ 
mum amount of liquid milk (fig. 1). Unless the cow dies or is diseased 
every calf should be left with its dam from 1 to 4 days to receive 
colostrum. With calves from dairy cows whose milk is marketable, 
unless the calf is a very valuable animal from the breeding staiulpoint, 
it is practical to substitute as soon as possible a less expensive food for 
either a part or all of the whole milk. In such cases the geimral prac¬ 
tice seems to be to feed whole milk for the first 2 weeks. Be^mnmg 
about the third week whole milk may be gradually replaced with the 
milk substitute, which may be fresh skim milk, reconstructed dried 
skim milk, or some form of calf starter, either a grael or a d^ meal. 
For general directions for feeding management of dairy calves the 
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leinlor is referred to Department of Agrioiiltvire Farmers’ Bnllelin 
1723 {1037) and to the artiele heginninjj on page 597 of this yearbook. 

Contrary to the general belief that calves should receive whole 
milk for the first 2 weeks at least, Converse and Meigs ^ found that 
dairy calves fed skim milk supplemented with cod-liver oil beginning 
the fourth day after birth were indistiuguishablc in general appearance 
after the first month from calves that had received equal amounts of 
whole milk for the first 20 days and skim milk thereafter. Archer, 
iVrcher, Bond, and Dunlop {27) also have reported good results from 
feeding, beginning the fourth day after birth, of 1 gallon of separated 
milk plus I tablespoonful of cod-liver oil daily. This amount of milk 
was increased to IK to 1 % gallons by the third week. Meadow hay 



Figure I .— Calves, like olher yoiiii^ uniiiials, do besi on iheir iiiolliers' milk, bill (bey 
can be siieeessfiilly raised b\ l areriil hand I'eedin^. 


and a meal niLxture of 4 parts of flaked maize and I par) of linseial 
cake were made available after the first wi'ck. 

Dried skim milk can be reconstructed and fed; in this form it is 
apparently as good as fresh skim milk in calf feeding, ft has the 
further advantage that at an early age it can be fed dry in a meal. 
Knott, Hodgson, and Ellington have rei)ortcd that a group of 

e.\penmental calves weaned at 5 to 0 weeks from recoustrucled skim 
milk to a dried skim-milk meal were healthv and vigorous, and at the 
age of 6 months were indistinguishable from'heifers raised on separated 
skim milk. 


Calves begin to supplement a milk diet by nibbling at other feeds 
when 2 or 3 weeks old. Foi- a description of calf starters or calf meals 
the reader is referred to the New York (Cornell) Agricultural E.XDcri- 
ment Station Bulletin 622 {1012). 

It is of intereat that attempts to raise calves on diets of milk alone 


< See footnote 3, p. 607, for reference. 
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have consistently failed. In some experiments reported by Herman 
(tJiO) calves fed exclusively on whole milk appeared practically normal 
for about 6 months, but when the exclusive milk diet was con¬ 
tinued beyond this period, became increasingly anemic and died 
within a few months thereafter. With the addition of iron, copper, 
manganese, and cod-liver oil to the ration the period of growth was 
prolonged and the calves lived about a month longer than those 
receiving milk alone. 

FEEDING FOALS 

Since in this country mare’s milk commonly has no value as a 
marketable product, it is the cheapest feed for the young foal as well 
as the best that can be provided (fig. 2). The suckling period of the 



lugure 2 ,—The foal gels I lie best and cheapest food from its mother for the first 

6 months of its life. 


foal varies widely with custom in different localities, with the avail¬ 
ability of other feeds for the foal, and with the use which it is desired to 
make of the mare. According to Ehrenburg { 31 : 2 ), in certain sections 
of Germany foals are always separated from the dam at 3 months, 
while in Spain it is the custom to allow them to suck for 9 or 10 months. 
In old Rome the foal was often permiUed to suckle for 2 years. The 
first 6 months of the foal’s life constitute the period of most rapid 
growth and development, and the nutrients inost suitable for this 
growth should be supplied to him during this time. Especially where 
there is a shortage of good feed, the foal should be permitted a suckling 
period of fully 6 months or longer, since the mare is better nble to utihze 
poor food. Where the mare is required for heavy work or is being used 
to produce another foal, the suckling period may possibly be reduced 
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to 3 or 4 months without retarding the development of the foal if an 
ample supply of other suitable feeds is available. In such cases, 
fresh cow’s milk, whole, or preferably skimmed, has been fed after 
weaning with good results. Dried sltim milk mixed with the grain 
can also bo used to advantage. , 

Hand-fed foals are sometimes fed fresh cow’s milk modified as 
follows: One-half to two-thirds cow’s milk, the other half or third 
water, with 1 tablespoonful of sugar to every pint of mixture. Cow’s 
milk thus modified roughly approximates mare’s milk in the concentra¬ 
tion of fat and sugar, although protein and minerals are low. ^^’ho!(> 
cow’s milk is usually unsuited to very young foals, perhaps part!.\’ 
because of its fat content. The following mixture of dried cow’s 
milk has been used with excellent results: Dried whole milk, S.fiO 
percent; dried skim milk, 5.49; sugar, 3.9; lime water, 6; and water, for 
mixing, 76.2 percent. In this mixture the concentration of total 
solids exceeds that in mare’s milk, but the proportions of carbohy¬ 
drate, fat, and protein are appro.ximately the same. 

The quantity of milk supplied by a mare to her foal 4 to 6 weeks 
after birth has been estimated at figures varying between 4 and 35 
quarts a day. According to Blechschmidt { 127 ) a draft mare should 
give 18 or more quarts and a mare of one of the lighter breeds 10 to 12 
quarts daily. A foal will require 4K to 6 quarts of marc’s milk for each 
100 pounds of its own weight until such time as it is eating an appre¬ 
ciable quantity of supplementary feed. Three to four quarts of the 
dried-milk mixture described in the previous paragraph will sup])ly 
approximately the same amount of energy as 4K to 6 quarts of mare’s 
milk. 

’’t should be mentioned that, while little is known of their vitamin 
requirements, unless foals have access to green pasture or to good- 
quality alfalfa hay, it seems advisable to include some cod-liver oil in 
their ration. 

The foal begins nibbling grain and hay about 3 weeks after birth. 
Crushed or ground oats or bran are good feeds for him to start on. A 
mixture of 2 parts of cracked com, 4 parts of crushed oats, 2 parts of bran, 
and 1 part of linseed meal is also excellent. The foal should be eat ing 
approximately 0.5 pound of grain per 100 pounds of body weight 
daily at 3 months and twice this much at weaning time. Good 
legume hay should be made available as soon as the foal will cat it. 

FEEDING KIDS 

Goat kids, after the colostrum feeding period, anparently do 
equally as well on whole cow’s milk as on whole goat’s milk. Where 
comparative feeding tests have been made with the two kinds of milk, 
the differences in results have been attributed to differences in the 
energy values of the milks. That is, the animals on the richer milk 
made slightly greater gains. 

In a herd of dairy goats, the kills are customarily removed from 
the does after the colostrum feeding period and thenceforth arc 
hand-fed from bottles (fig. 3), or preferably from pails. The milk fed 
may be either goat’s or cow’s. Kids grow well when fed 24 ounces of 
milk daily, given in four feedings, during: the first week. This amount 
is increased gradually until the kid is receiving approximately 64 
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ounces at 10 weeks of age. At 4 weeks alfalfa hay and a grain mixture 
of 4 parts of ground coni, 2 parts of oats, 1 part of bran, and K part of 
linseed meal are made available. As the kids consume more grain 
and hay the anioimt of milk may be decreased. 

Kids are sometimes milk-fed for 5 months, liut this seems unneces¬ 
sarily long. A milk-feeding period of 3 miinths, as is customarily 
followed in feeding lambs, is probably quite sufficient. There seems 
to be no reason why the amount of whole milk consumed by kids cannot 



t^igun* 3 ,—Kids do well when hand-fed on eow 8 milk. 


be reduced as in the case of calves by substituting fresh skun milk or 
dried skim milk for whole milk at an advanced stage m the milk-fecding 
period. 

FEEDING LAMBS 

Lambs are usually allowed to run with their dams until thej are 
3 to 5 mouths old (fig. 4). They begui to nibble at feed from 10 to 16 
days after birth. Unless the lambs are dropped after the pastures 
are ready, it is good practice to supply hay and gram m a small 
enclosure accessible to the lambs but inaccessible to the ewes. Lireon 
alfalfa hay is excellent roughage. A grain mixture which >een 
recommended by the Ohio Agricultural Experiment Station (464) foi 
lambs that are to be marketeil consists of 6 parts of com, 2 parts ol 
oats, 2 parts of bran, and I part of linseed meal. 

Orplian lambs, once tlic needs occiirrnm (lunng the fP" 
are satisfied, ca.i be raised witlmut difflcnlty on ''** “" * ^ 
whole coat’s milk, or a 20-percent mixture of dried whole cow s nulk 

h, watfr Pracliial directions for feerium Uic Skr 

in some detail in California Agricultural Extension Service Cucular 
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49 {791). In some feeding experiments carried out at the Animal 
Husbandry Experiment Station at Beltsville {406), in which dried-milk 
mixtures were used to replace ewe’s milk, a 20-percent dried whole-milk 
mixture, which has the same enei^ value as ewe’s milk, was found 
to give excellent results as a substitute for ewe’s rnilk, but dried skim 
milk, even when supplemented with cod-liver oil,*was found quite 
unsatisfactory. 

Lambs should bo fed milk for at least 3 months. Frequent feeding 
of small amounts during the first 3 or 4 days is essential. Small 
lambs, weighing from 5 to 7 pounds, should receive about 1 pint or a 
little more a day. Larger lambs, 8 to 12 pounds in weight, require 



Figure 4 .—Lambs 10 to 16 days old nibble at feed, but they need milk from the ewe 
for 3 to 5 months. The lambs shown are twins. 

lYi to 2 pints a day. The total quantity of milk should of course be 
increased somewhat as the lambs increase in size. It has been shown 
{406) that lambs can make excellent growth on the following weekly 
allowance of dried whole milk, which is fed as a 20-percent mixture 
with water: At 1 week, 3.6 pounds of dried milk per 100 pounds of 
live weight; at 2 weeks, 2.6 pounds; at 3 weeks, 2.5; at 6 weeks, 2.1; at 8 
weeks, 1.3; and at 10 weeks, 0.9 pound. 

FEEDING PIGS 

For the first 3 weeks of life pigs live exclusively, except for the small 
amount of mineral matter picked up from the soil, on sow’s milk 
(fig. 5). Usually they begm eating a little grain from the sow’s 
trough at 3 weeks, unless a special creep is provided for them, but their 
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most important feed is still sow’s milk until they are weaned at 8 or 
12 weeks. The average birth weight of a pig is doubled within 7 to 
10 days. This is possilde only because sow’s milk is a more concen¬ 
trated food than cow’s milk and is supplied to the little pig in relatively 
liberal amounts. Thompson (1134) has reported, as the result of a 
study of the effect of milk consumption on the growth of pigs, that 
the average daily milk consumption of the pigs he observed varied 
from 0.226 to 0.505 pound per pig. Pigs receiving the greatest amount 
of milk made tlie greatest gain even after weaning. Schneider (1016) 
has estimated that 1.534 pounds of sow’s milk is required for each 
pound of live-weight gain the pig makes during the first 8 weeks of 
the suckling period. The figure for average daily milk yield of sows 



luaure 5.— Pigs double their weiehl uithin 7 to 10 days on the milk. The pigs 

that get the most milk make the greatest gains, and eontiniie to do so even after 

weaning at 8 or 12 ^veeks. 


varies widely with such factors as breed, size of litter, and nutiition. 
Published estimates have ranged from 4.5 to 18 pounds of inilk a day. 

The daily milk yield of the sow reaches its maximum durnig the 
third or fourth week of lactation. From this time on she longer 

entirely satisfy the nutritive requirements of the pigs and it becoines 
necessary to supplement her milk with other feed. This supplemental 
feed may be supplied as a mixture consisting of 80 percent ground giam 
and 20 percent protein supplement;or if the self-feeding system is cin- 
ployed, shelled com mav be proviiled in one compartmeiu of a 
a nrotein suoplement in another compartment, and a mmeral mixture 
in a third, ^lie protein supplement may be fish meal, tankage, linseed 
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meal, shorts, or middlings, which should be combined with alfalfa 
meal in a ratio of 3 parts of supplement to 1 part of alfalfa meal. A 
combination of animal and plant proteins may also be used as in the 
so-called trinity mixture, made up of 2 parts of tankage, 1 part of 
linseed meal, and 1 part of alfalfa meal. The indusion of a good 
grade of alfalfa meal in the ration is especially important where 
pasture is not the best. 

The following mineral niLxture has been found satisfactory: 

Parts Pa its parts 

Boneineal_ 38 Sodium chloride_20 Copper sulfate 0.25 

Calcium carbonate. . 39 Ferrous sulfate_ 2. 5 Potassium iodide _. .03 

The mineral mixture may either be provided in a separate compart¬ 
ment of the self-feeder or it may be combined with the protein-supple¬ 
ment mixture in the proportion of 5 parts of mineral mixture to. 100 
parts of protein mixture. 

Unless there is some special reason for doing so, pigs should not be 
weaned earlier than 8 weeks after birth. They are sometimes left 
with the sow as long as 12 weeks. A suckling period of 60 days is a 
good practice. 

Studies on the raising of orphan pigs on whole cow's milk and on 
modified cow’s n^k have been carried out on pigs 12 days or more 
old. The investigations of Washburn and Jones {1183) indicated 
that cow’s milk with a relatively low fat content was satisfactory for 
young pigs 4 to 5 weeks old. Evvard, Glatfelter, and Wallace {353) 
fed several small groups of young pigs from 12 to 72 days of age on 
cow’s milk and on cow’s milk plus various protein supplements. The 
number of pigs with wUch they worked was small and their results 
were complicated by diseases probably due to vitamin deficiencies, 
but the results indicated that cow’s mUk supplemented by 1 to 3 
percent of casein can be used in place of sow’s milk after the pigs are. 
2 weeks old. Pigs so fed should, however, have access to green pas¬ 
tures as well as to grain and a mineral mixture as soon as they will eat. 

The occurrence of nutritional or milk anemia among sucUing pigs 
is an important factor in the mortality of pigs before weaning tmie. 
Most young animals are supplied at birth with sufficient stores of iron 
and copper to supplement the deficiencies of these elements m milk 
until such time as they bemn eating solid food. The young pig 
seems to be exceptional in that he usually develops anemia within 
2 weeks after farrowing when restricted to a diet of milk alone and 
denied access^ to dirt or sod. The disease can be entirely prevented 
by the inclusion of a very small quantity of soluble iron and copper 
salts in the milk diet. 

The following are some practical methods that are in use for the 
prevention and cure of milk anemia in young pigs: (1) Placing soil or 
sod in pens; (2) painting a solution of’iron and copper on the sow’s 
udder daily; (3) a weekly dose of 180 milligrams of iron and 25 milli¬ 
grams of copper; (4) the incorporation of a mineral mixture in a pig 
creep to be used from the time the pigs are 8 days old. 

FEEDING PUPPIES 

Except in breeds such as the Alsatian, in which lactation is said to 
cease about 4 weeks after parturition, the pups of normal healthy 
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hitclics are usually suckled for 6 weeks, sometimes for 8. In order 
t lat tlie transition to other foods may be gradual, supplementary 
feeding should bo started while the puppies are still receiving milk 
tiom tlicir (lams. vV lion piipj)ies are to bo weaned entirely at 6 weeks, 
It IS well to begin fe(>ding some solid food at 3 to 4 weeks after birth. 
It IS reconrunended that at this time the pups be offered daily small 
amounts of chopped orjrround lean meat and some dry bread, dry 
eereaJ, or puppy biscuit which has been moistened with milk or 
broth (fig. 6). 

Spaulding {1092) recommends feeding one-half teaspoonful of raw 
scraped beef once a (lay for 2 or 3 days beginning at 3 or 4 weeks of 
age. T^his amount is then fed twice a day and the number of feedings 
increased at 3-day intervals to three and tlu'ii to four times a day. 
When meat is fed four times a day an e(jual quantitv of dry cereal or 
pup])y meal should be added to it. A drink of cow^s milk or a milk 



Figure 6 ,—Piijipies should he started on solid feed before they are weaned to prevent 
unfavorable effects on rate of pro>\th after weaning. 

substitute may be given twice a day throughout the remainder of the 
suckling period. When the puppy has been taught to eat such 
foods before weaning, unfavorable effects on rate of growth after 
separation from the dam will probably not be noticeable. 

The artificial existence imposed on pets may result in a lack of 
of exercise and probable deficiencies in nutrition, in some instances 
with impairment of reproductive functions to the extent that the 
bitch produces either an insutficient supply of milk or ei en unsuitable 
milk. In such cases as well as in those in which puppies are oi'phaned 
at birth, it is necessarv to feed some substitute for the dam’s milk. 
The usvial experience lias indicated that unless the animals receive 
colostrum from the dam, the success of any hand-feeding procedure 
is doubtful. Whether this is due to the incompatibility of the siib- 
stituted milk tliat has been used or to a need for the immunizing bodies 
{iresent in the colostrum is undetermined. 
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Fresh cow’s milk is not satisfactoi-y for feeding vei'y yonng puppies, 
partly at least because the concentration of protein, fat, and minerals 
in cow’s milk is so much lower and the sugar so much higher than it is 
in bitch’s milk. Canned condensed milk has sometimes been used 
with success after the puppies are 3 to 4 days old. Wliole dried milk 
may also be used by combining 20 parts by weighV of milk with 80 
parts of water. Another mixture sometimes recommended consists 
of whole cow’s milk, either fresh or reconstructed from dried milk, 
to which has been added half its volume of raw egg yolk. Still another 
mixture, suggested by Spaulding (1092), is made by combining 2% 
teaspoonfuls of cream and 2}i teaspoonfiils of casein with 4 ounces of 
mUk. The same author recommends that puppies receiving a sub¬ 
stitute milk be fed eveiy 2 hoiu-s during the day and eveiy 3 hours 
durmg the night for the first week. These intervals may be increased 
to 3 and 4 hours during the second week. 

With artifi«‘ially fed jiuppies, the supplementary feeding may be 
started m the third week. 



NUTRITIONAL REQUIREMENTS OF BEEF 
ANO OUALPURPOSE CATTLE 


by W. H. Black, Bradford Knapp, Jr., and J. R. Douglas’ 


THIS article summarizes a goo«l deal the existing material on the needs 
of beef animals for energy, protein, minerals, and vitamins. Conflicting 
viewpoints are given and some of the gaps in our knowledge are clearly 
imiicated. I'he discussion is more or less technical in nature. 


A KNOW LEDOK of nutritivo requirements for energy, protein, minerals, 
and vitamins is essential for the economical production of beef or of 
beef and milk. A substantial portion of the feed of cattle is utilized 
in tiu' maintenance of body tissues and normal body functions. 
.\d(litional amounts are requlretl for utilization in jirowth, fattening, 
reproduction, or lactation. This article will consider the need for 
the various luitritive elements in relation to these functions in beef 
animals. 

'riie discussions on the requirements of beef cattle for enei^, pro¬ 
tein, minerals, and vitamins also apply to dual-purpose cattle that 
are not lactating or are kept primarily for beef-production purposes. 
For lactating and pregnant cows of the dual-purpose type, kept pri¬ 
marily for dairy purposes, the various nutritional requirements as 
given* for strictly dairy^ cows (in the article, p. 566)should be applicable. 

ENERGY REQUIREMENTS OF BEEF CATTLE 


FOR MAINTENANCE 

A relatively large portion of the feed consumed bj beef cattle, 
whether the animals are being fed for growth, fattening, reproduc¬ 
tion, or wintering, is used in maintaining the normal body fiinctions. 
This demand for food is referred to as the inaintenaiice requirement; 
it is the amount of food required to maintain the tissues of an amnia 
that is not growing, fattening, or reproducing. If there is not enough 
food, as frequently happens under winter-range conditions, the needs 
of the body are met by breaking down of tissue, with a resident loss 
in weight.* The maintenance requirement vanes among animals ot 
different breeds, sexes, and weights. A knowledge of the mainte- 

bnmitimn, Bureau of Animal Industry. 
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nance requirements of beef cattle is of considerable importance in the 
economical production of beef. 

Fasting catabolism is used as the basis for determining the mainte¬ 
nance requirements of all warm-blooded aniinals. This is the break¬ 
ing down of body tissue which takes place in the j^bsence of food to 
supply the nutrients required to maintain the nomial body functions. 
Fasting catabolism is measured by the use of a respiration calorim¬ 
eter which measures the energy used by the animal while receiving 
no food—in other words, the energy furnished by the break-down of 
the body tissues. It was found by many investigators that the energy 
required was in some way proportional to the weight of an animal. 
Later investigation suggested that the energy was not directly pro¬ 
portional to weight but rather to some function of body weight. 
Wiile this relation holds in general, many deviations arise from specific 
body activities. Brody (157)' has slmwn by investigation that 
the surface area of an animal and its weight are closely related and 
that this relationship may be expressed mathematically.® By using 
this mathematical relationship, the average requirement for cattle of 
any weight may be computed. The standard as proposed by Brody 
is shown in table 1. 

Table 1, —Daily amounts of total digestible nutrients required for maintenance of cattle^ 
as proposed by Brody (157) and by .Morrison (819) 


Weight of animal fpounds) 


100 .. 

200 .. 

300.. 

400.. 
?i00.. 

600.. 
700. 
800.. 
900.. 
1 , 000 . 
1 , 100 . 
1 , 200 . 
1,300. 
1,400- 
i,fino 
1,600. 
1,700. 
1,800. 
1,900. 
2 . 000 . 


Require¬ 
ment 
according 
to Brody 


Ponnds 
1.26 
2.09 
2.80 
X 46 
4.07 
4.65 
5.21 

5.74 
6.25 

6.75 
7.24 
7. 71 
8.18 
8.63 
9.08 
X 52 
9.95 

10.37 
10. 79 
11 20 


Minimum requirement, according to Morn<ion 
for-- 


Dairy 

cattle 

Wintering 
beef calves 

Wintering 
beef year¬ 
lings 

W’intcring 
beef cows 

Pounds 

Pounds 

Pounds 

Pminds 






3.9 

4.8 

5.7 

6.5 










6.3 

7.0 

7.7 


5.13 

X 77 
6.38 
7.00 
7.60 
8.20 
8.80 
9. 39 
9.96 
10. r4 
11.11 
11.68 





6.9 

7.5 
8.0 

8.6 



































Another method of determining maintenance reguirements for 
cattle is by the use of data obtained in feeding experiments. In its 


> Italic numbers in parentheses refer to Literature f iled, p. 1075. 

* It is believed that the surface area varies with the two-thirds to three-fourths power of the weight- 
Brody suggests the 0.734 power of weight. Thus Brody's eriuation is Q-70.6Ai‘'-in which Q is the 
Rories per day and Mis the boily weight in kilograms. A conference of workers of the National Research 
Council on enerp metabolism ♦ has recommended that the factor, body weight raised to the 0.73 power, 
be tentatively adopted as the base of reference for computing fasting heat pr^uction and the endogenous 
nitrogen mataMism. 

* Natiojial Reseabcb Covncil, Committee on Animal Nutrition, report of the conference 
ON ENEBOT METABOLISM HELD AT STATE COLLEGE, PA., JUNE 14-1.5, 1986. ... 93 pp. HW. [MJme<> 

graphed.] 
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simplest form, this method itivoives the determination of the amount 
of food required to maintain matui'<‘ animals at a constant weijrht. 
If, by trial and error, the experiment is successful in maintaining a 
constant live weight over an extended period, a fairly accurate 
measure of the maintenance requirenumt woidd be obtainetl, provided 
constancy of live weight implies a constant energy content of the 
tissues of the body. In young growing animals, for example, an 
increase in bone and muscle tissue may take place urulor weight- 
constant conditions, the increase being made at the expense of other 
tissues. Nevertheless, feeding standards based on this method have 
beeti in common use for many years. Armsby (30), Wolf-Lehman, 
and later Morrison (819) proposed feeding stanclards all based on this 
trial method. In table 1 are shown the feeding standards of Morrison 
in comparison with those of Brody. It will be noted that the Morrison 
standard is slightly higher. 

FOR GROWTH AND FATTENING 

Grow'th ami fattening in beef cattle are in most instances simul¬ 
taneous and are therefore not easily separated. Growth is attained in 
several ways- by increase of skeleton size, by muscular increase, by 
fattening, etc. In beef cattle, only 3 to 4 percent of the mature weight 
of an animal is attained at birth, as compared with more than 50 
percent of the skeletal size and about 70 percent of the length of leg. 
Thus, there are different rates of increase and ages of maturity for 
various factors of growth. With growth and fattening, there is a 
change in tin* percentages of water, fat, protein, and bone. 

The first requirement of a fattening ration is that it (contain an 
abundance of energy. Ibiless a surplus of energy above maintenance 
is supplied, growth and fattening are impossible. Thus the limit on 
the energy required for fattening is the quantity of energy-producing 
food that the animal can consume. Kleiber (034) proposed the 
following equation to express the relationship between quantity 
consumed and energy returned in the product; 

Energy in product ec|ual.s total energy in food conpumed, minus energy in 
feces, minus energy in urine and in methane,* minus heat increment of food, 
minus fasting catabolism. 

Thus, for fattening an animal, total energy consumed must be in¬ 
creased to as large an amount as the appetitite of tiie animal will 
allow. The greatest efficiency of feed utilization has been found, 
however, in feeding at a rate slightly below the maximum capacity 
to eat. Experiments by the Bureau of Animal Industry and by 
various State stations have clearly shown that feeding below the 
highest level resulted in slightly increased efficiency from the stand¬ 
point of animal gains: but from the standpoint of energy return, the 
full-fed steers made the greatest return per unit of feed, owmg to 
their greater fatness. 

Since gains are determined by the capacity to consume, ti^ question 
arises as to the quantities that can be consumed by steere. Brodj and 
others have shown that the size of the digestive organs m cattle varies 
with the surface area rather than with the weight. Howe\ er, there 

» Methane Is a constituent of marsh jfas produced in the rumen by the action of certain micro-organisms. 
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are many factors other than size of stomach and intestines that 
determine capacity to eat, or appetite. The best measure of capacity 
may be by self-feeding: steers to determine the quantity that they will 
eat. It is believed that in most of the reports on self-feeding steers one 
of the most important points is ignored oy investigators— they fail to 
report feed consumption by periods. In figure 1 is sliown the consump- 



LIVE WEIGHT IN POUNDS 


Figure 1 .—Quantities of concentrates consuiiiecl ]#er day by growing steers in self-fed 
and hand-fed groups, in experiments at the Illinois Agricultural Experiment Station 

and at Beltsville, Md. 

tion by self-fed versus that by hand-fed steers in two experiments.® 
It should be noted that in both experiments the self-fed steers ate 
more feed earlier and less feed in the later periods, while the hand-fed 
steers were fed according to common practice with increasing amounts 

• One experiment was conducted at the Illinois Agricultural Experiment Station (8g9), the other at Belts¬ 
ville, Md., by the Bureau of Animal Industry (data unpublished). 



DAILY INCREMENT IN CALORIES 
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of concontrates. If the natural appetite of cattle leads to consump¬ 
tion oi concentrates on a curve ol the type shown for the self-fed 
groups, should not hand-feeding follow a similar curve? This point 
is in need of further investigation. 

Experiments by the Minnesota and Missouri Agricultural Experi¬ 
ment Stations have shown the body composition of steers at various 
ages during growth and fattening. These data show that the per¬ 



centages of protein and water steadily ilecrease as the animal matures, 
while the percentage of fat increases steadily from birth to iiiaturity. 
Th(‘ percentage of ash decreases very gradually from birth to 1,500 
pounds (table 2). Data from the Missouri experiment (825) shovr an 
increase in the percentage of fat, a decrease in the percentage of bone, 
and an early increase followed by a more rapid decrease in the p^r- 
eentage of lean meat. In figure 2 are shown the average weights of 
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tliree groups of steers fed on three planes of nutrition, and the average 
daily storage of calories, or eneigy, during the same period. It should 
be noted that in group 1 the rate of gain is much greater than in the 
other two lots, and the storage of calories of group 1 tends to parallel 
that of the other lots, though at a much higher leyel. Group 1 was 
fed for maximum growth and fattening, and the less rapid decrease 
in caloric increment is probably due to the higher caloric value of 
fat in comparison to lean meat. However, the fact that 1,600 calorics 
are stored each day by an animal does not mean that by feeding 1,600 
calories above maintenance this amount would necessarily be stored. 
The amount of food required for this storage level may exceed the 
amount stored by two or three times. 


Table 2.— .4vorage composition of steers at various staftes ’ of growth 


Normal weight (jMJunds) 1 

Steers 

Water 

Dry 

matter 

1 

Protein 

Fat 

Ash 

100.... ....... 

Number 

5 

Percent 

71.84 

Percent 

28.16 

Percent 
19.89 

Percent 

4.00 

Percent 

4.26 

200 .-. 

4 

70.43 

29.57 

19.14 

6.01 

4. 42 

300. ... 

4 

65.72 

34. 26 

18.77 

11.19 

4.30 

400. 

5 

65.79 

34. 21 

19.31 

10.56 

4.34 

500.... 

5 

62.90 

37.10 

19. 15 

13. 73 

4.22 

600 .-. 

3 

61.20 

38. 80 

19. 40 

15.04 

4.36 

700 .. . 

4 ; 

60. 35 

39. 65 

18.60 

16. 58 

4.48 

800 . 

3 

58. 44 

41.56 

18.80 

18. 52 

4.24 

900 . 

3 

54.10 

45.90 

17.66 

24.08 

4.16 

1,000 .-. 

4 

52.03 

47.97 

17.11 

26.91 

3.95 

1,100. 

3 

47. 77 

52. 23 

16.38 

32.03 

3. 82 

1,200 . 

3 

47.96 

52.04 

16.02 

32.32 

3. 70 

1,300. 

2 

47.93 

52.07 

15.79 

32.50 

3. 78 

1,400 .. 

1 

47.76 

52. 24 

16.15 

32.58 

3.51 

1,500 . 

1 

43.48 

56. 52 

15. 72 

37. 59 

3. 21 



’ Not including contonl.s of tho dipeslive tract. From Morrison (8]9. p. TBft). 


Morrison {819) has proposed a standard for fattening and growing 
beef cattle, based on e.xperience in many feeding trials. In table 3 is 
shown the standard as proposed by Morrison. Results of feeding 
trials bj the Bureau of Animal Industry tend to show that this stand¬ 
ard is in general adequate, though the upper figure for each weight 
may be exceeded. 


Table 3.—ToCa/ digestible nutrients required daily per head for growth and fattening of 
beef rattle^ as proposed by Morrison (819) 


Live weight fpounds) 

, Growing beef 
cattle fed 
liberally for 
rapid growth 

1 Calves being 
fattened for 
baby beef 

Fattening 

yearling 

cattle 

1 

Fattening 

2-year-old 

cattle 

100. . 

Pounds 

1.2- 2.0 

3.4- 4.2 

5.2- 5.9 

6.6- 7. 2 

7.6- 8.5 

8.5- 9.6 

9.2- 10.7 
10.0-11.8 
10.8-12.9 
11.4-13.9 

Pounds 

Pounds 

Pounds 

200..... 




300. 




400.. 

7.4- 9.8 
9.0-11.4 
10.6-12.9 
12.0-14.2 
13.1-15.2 
13.8-15.8 



600-.-. 



600...... 

\ 10.3-12.7 

12.0-14.4 
13.5-16.1 

14.8- 17.4 

15.9- 18.5 

16.9- 19.5 


700. 


800.. . 


900. 

14.6- 17.4 
16.0-18.8 
17.0-19. 6 

17.7- 20.1 

LOOO.-. 



... 

1,200... 
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There is need for further experimentation to determine the eating 
capacity, the nutrients reiiuired for fattening, and tlie method of 
leedmg lor greatest economy in beef production. 

PROTEIN REQUIREMENTS OF BEEF CATTLE 

The normal functions^ of the body make necessary a supply of 
protein to replace the daily l)roak-down of the tissues of the body, as 
well as to provide for tlie growth of hair, horns, hoofs, anti increase 
in body weight due to growth as well as fattening. Since protein-rich 
feeds are generally more expensive than carbohytlrate feeds, it is 
important to knov\ the minimum as well as the most effective amount 
of protein supplement required for maintenance and for fattening. 

FOR MAINTENANCE 


The minimum needs of cattle for protein for maintenance of life 
has been the subject of considerable research during the last 30 years. 
Two methods of approach to the [iroblem of determining the minimum 
reciuirements for protein have been used. One is by means of the 
fasting catabolism, in wbich tbe protein required for maintenance is 
ascertained from the amount of nitrogen (protein) in the urine of 
fasting animals or animals on a nitrogen-free diet, that is, a diet 
without protein. The second method consists of determining the 
protein requirements from the best results of experimentation with 
cattle. 

Brody {157), Mitchell {705), and others have ilttemj)ted to ascertain 
the minimum reciuirements from the amount of what is called endoge¬ 
nous nitrogen secretetl by the animal on a nitrogen-free but otherwise 
adequate diet. This endogenous nitrogen is assumed to be the nitro¬ 
gen necessary for maintenance, since it represents the loss of nitrogen 
which must be made good by dietary protein in order to maintain the 
nitiogenous (protein) tissues of the body. Brody has suggested that 
the secretion of endogenous nitrogen follows the same relationship to 
weight of the animal as does the requirement for energy.' 

Mitchell suggested that the protein reciuirements are proportional 
to weight. More recently Smuts (/Cl<%'). working under Mitchell, has 
accepted the same relationship to weight that Brody suggests.® 
Brody has proposed that four times the urinary protein equivalent be 
used as a basis of maintenance, while Mitchell uses twice the urinary 
protein e(}uivnlent. In table 4 are shown the amounts of protein 
required for maintenance as proposed by Brody, by Mitchell, and by 
Morrison {819). 

Morrison’s standard is based on experimental evidence of the best 
results obtait>ed with cattle. It is consulerably above the standard 
proposed by Mitchell and in some cases above that of Brody. How¬ 
ever, for wintering beef cows Morrison shows a little less protein 


■ rt is believed that the surface urea of an animal varies with the two-thirds to threodourths jiower of us 
body weiitht and that basal metabolism varies with the surface are^ From Im ^^“'Jj'.Ff^^lfj^J'V- 
followinK equation expressing endogenous nitrogen as a function of body weight; ^-146 M 
equals the milligrams of endogenous nitrogen per day and M equals the **‘*1)* u 

multiplying the nitrogen by a factor (6.2W the amount of conventional protein required for maintenance is 

* Smuts proposed an equation for determination of protein requirements as follows. P=i).SSin ® where 
P is the daily requirement expressed in grams. 
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required than does Brody for the same weight aniinnl. Morrison 
states (819), with reference to the Mitchell standard: 

Since it has not been proved by long-time feeding experiments that animals 
can actually be maintained in good health on this small amount of protein, the 
author has preferred not to recommend such small amounts in the feeding standards 
presented. 

Table 4. —Protein retjuirements for maintenance of beef and dual-purpose cattle as 

proposed In' several iniestigiators 


Live weight of animal (pounds) 


m., . 

200.. 

300_ .... ... 

4(X). .. 

.WO.. 

600.. ... 

700___ 

ftOO. 

900 _ .... 

l,tH)0... ... ... 

1,100. 

1,200 . 

1,.300.. .. 

1,400.. 

i,r)00. 

1,600.. .. 

1,700. 

1,800. 

1,900.. .. 

2,000 . 


Protein require¬ 
ment iH*r day, 
aeeording to- - 


Minimum protein requirement piT day, 
aeeording to Morrison, for— 


Broil y 

MitohHl 

Dairy 

Boof 
calVOS 

j Yearling | 

1 boc'f cal- 
llc 

('ovvs 

Pou mis 

Pou lids , 

Pounds 

Pi'n fids 

Pou lids 

Ponnds 

0.13 

0 04 ' 





22 

i 08 i 



I 


29 

11 : 

1 

0. .52 



. 36 

i 15 ) 

- .( 




12 

19 ■ 

. j 

. 71 

' 


. 48 

.23 ' 

I 

. 79 

0.67 j 


. 54 

27 

0 44 ! 


76 


. .59 

.30 

49 


! 83 , 


6.5 

.34 

.55 • 

■ 

! ■ ! 

0,.56 

70 

38 

. >)0 



. 60 

. 7.5 

.42 1 

. 6.5 

i 


. 64 

..SO 

46 . 

TO : 



. 69 

. 8.5 

. 49 ; 

.7.5 

! 



.89 

' . .53 1 

. SO 




'.♦4 

..57 : 

S.5 




. :«) 

-11 

.90 , 




1.03 

. 6.5 

0.5 ! 

- . .. 1 

_1 


1.07 

68 

i.m 




1. 12 

.72 . 

' 




1 16 ' 

. 76 






_The^ amounts of protein given in tabic 4 are those required for 
wintering each class of beef cattle. It will be seen that the younger 
animals require more protein per unit of weight than tio the older 
animals. 

FOR GROWTH AND FATTENING 

growth and that from fattening is 
diniciilt, if not impossible, and for this reason they will be considered 
together. Growth may be considered as any increase in volume, or 
weight, of the animal, in which case fattening would be a form of 
growth, hor purposes of differentiation, grow’th is defined in this 
discussion to mean increases in skeleton and the associated increase of 
muscular tissue, while fattening relates primarily to the increase in 
fatty deposits within the body due to the filling of certain tissues with 
fat. Fattenir^ requires some increase in cellular material surrounding 
the fat and thus requires some protein. Likewise, an animal in the 
normal process of growth will fatten to some extent. 

The Missouri Agricultural Experiment Station (826) has made a 
complete analysis of the carcasses of steers fed out on three planes of 
nutnrion m order to ascertain the changes in composition due to 
growth aiid fattening. Group 1 was fed as much of the ration as 
they would consume. Group 2 was fed to produce the greatest growth 
Without storage of surplus fat, and group 3 was fed to produce ap- 
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proximatoly half the rate of gain of the group 2 steers. A study of 
the change in the protein (nitrogen) content of these steers at various 
ages was obtanmble from the analyses of the carcasses.® From these 
data, Mitcliell has computed the necessary nitrogen for gains of the 
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Figure 3 ,—Prolein requireiiieiilr* for growth and fatlciiing of beef rattle. 

three groups. If it is assianecl that these steers were fed as planned, 
some differentiation between growth and growth and maximum fatten¬ 
ing might be made. In figure 3 is shown tlie necessary protem re- 

these equations the rate of deiwsltlon of nitrogen for any age or for any weig t g 
can be computed. 
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quired per day for groups 1 and 2, based on the daily retention of 
nitrogen (protein) obtained from the equations in footnote 9 

Mwrison proposed a standard based on experimentel ev^ence on 

proposed by Mitchell (fig. 3). It should be noted that where the 
Morrison standard requires an increasing amount of protein as weight 
increases, Mitchell shows a decreasing anioimt of protein required on 
the basis of daily retention. However, Morrison suggests less amounts 
per unit of weight for older cattle than for younger. 

It would seem from the present status of knowledge of protein 
requirements of beef cattle that much careful investigation on this 
subject needs to be done. Since protein supplements are usually 
purchased at relatively high prices, it would be of considerable value 
to ascertain the most effective amount of protein required for main¬ 
taining, growing, or fattening beef cattle. 

FOR REPRODUCTION 


The protein or nitrogen requirement for gestation and lactation h^ 
been computed for cattle on the basis of the amounts of nitrogen in 
the fetus at various ages from conception, and in the case of lactation 
on the number of pounds of milk produced per day. 

The additional requirements for the gestating female are not lar^e, 
since the calf at birth weighs only about 70 to 80 pounds, of which 
approximately 71 percent is water. Mitchell (795) has proposed a 
standard based on the average changes in composition of cattle fetuses. 
The data do not contain the increase in maternal tissues, amniotic 
fluids, and other minor substances. From the data the information 
given in table 5 was available. 


Table 5 .—Estimated daily protein requirement of cattle fetuses 


Age from conception 
(months) 

Estimated 
daily reten¬ 
tion of nitro¬ 
gen 

Estimated 
daily require¬ 
ment of pro¬ 
tein 1 

Age from conception 
(months) 

Estimated 
daily reten¬ 
tion of nitro¬ 
gen 

Estimated 
daily require¬ 
ment of pro¬ 
tein ‘ 

2.-__ 

Orams 

0.02 

1 Pounds 

0.0005 

6... 

Grams 

3.3 

Pounds 

.0911 

3... 

.16 

.0044 

7.... 

5.9 

. 1628 

4.... 

.61 

.0168 

8. 

9.9 

. 2732 

5.... 

1.6 

.0442 

9.... 

10.0 

.4416 




1 Computed on the basis of protein with a biological value of 50 percent. 


It can be seen from table 5 that the daily retention is very low up 
to the last 3 months, when the fetus makes rather rapid growth. The 
highest requirement for protein—nearly half a pound—comes in the 
last month. 

Since beef cattle do not produce large quantities of milk during 
lactation, the protein requirement for milk production is not high. 
Morrison recommends from 0.04 to 0.05 pound of additional protein 
for each poimd of milk produced. Thus, a beef cow producing 10 
pound^;.:ei 4-percent milk per day would require an additional 0.49 
pound of digestible protein per day. 
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MINERAL REQUIREMENTS OF BEEF CATTLE 

MINERALS IN THE ANIMAL BODY AND THEIR FUNCTIONS 

That the aniinal body requires certain minerals is revealed through 
analyses of various species of animals. Such analyses were perhaps 
first made by Lawes and Gilbert {605) more than three-quarters of a 
centu^ ftgo. To date, many animal bodies have been analyzed by 
scientists throughout the world. It is quite generally agreed as a 
result that the following minerals, which are always a part of body 
composition, are necessary to the perfect growth of the animal body 
aiul to the proper functioning of the organs: fyalcium, phosphorus, 
sodium, potassium, chlorine, mjignesium, iron, sulfur, iodine, man¬ 
ganese, copper, an<l zinc. It is the consensus of opinion that cobalt 
also is essential. \Iitchcll and McChire {803) state that a definite 
requirement for silicon, fluorine, bromine, aluminum, boron, or other 
minerals that occur in animal tissues or products has not been estab¬ 
lished. This might be done by the demonstration of nutritive failure 
in animals following the practically complete withdrawal of the indi¬ 
vidual element from rations complete in other respects; but only in 
the case of fluorine has such a test been ma«le. There is the possi¬ 
bility that the presence in the body of these minerals, the hmctions 
of which are unknown, is attributable merely to their being in the 
feeds rather than to a need for them. 

One of the most obvious functions of minerals in the animal body 
is their relation to skeletal structure (bones and teeth). They are also 
associated with organic compounds which contribute to the functional 
activities of the body. The percentage composition of a steer has 
been reported by Hogan ami Nierman {5^7), who express the results 
in terms of the fat-free body. (This is desirable because fat is low in 
minerals and is a variable constituent of the animal body.) The com¬ 
position is as follows: Water, 75 percent; protein. 20 percent; and 
mineral matter, 5 percent. The average of analyses of 18 steers of 
varying ages (3 to 48 months) shows the principal mineral constit«i- 
ents of the body to be present in approximately the following pro¬ 
portions; 

Percenf Percent Percent 

Calcium_ 1.33 Sodium_0.16 Magnesium- 0.041 

Phosphorus_ . 74 Sulfur_ . 16 Iron- . 013 

Potassium_ . 19 Chlorine- . 11 

These investigations do not indicate that the mineral content of the 
lean and fat, or of the hide and hair, is affected by age or condition. 
Tliere is, however, a distinct tendency for the percentages of all the 
mineral elements in the internal organs to decrease with age. Most 
of the mineral constituents of the blood are not affected by age, 
except that sodium tends to decrease in the blood of older animals. 
Calcium, phosphorus, and magnesium in the skeleton increase in 

percentage with age. ^ i vi? j u u 

All of these elements are considered essential to life and wm be 
discussed briefly later, but the major part of the discussion will be 
devoted to calcium and phosphorus, since they are the ones most 
likely to be lacking in the diet. Approximately 90 percent of the asn 
or mineral matter resulting from the combustion or burning of an 

141304® -30 35 
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animal body consists of calcium and phosphorus, and about 99 percent 
of the caiciiim and 80 percent of the phosphorus are in the bones and 
teeth. There is a very close relationship between these elements with 
respect to their functions in the animal body, and an interrelationship 
likewise between their utilization and vitamin D, 

The satisfactory ratio of calcium to phosphorus in a ration seeins 
to be between 2:1 and 1:2. With plenty of vitamin D the ratio 
becomes of less importance, and more efficient utilization is made of 
the amounts of the elements present. In the entire absence of this 
vitamin, assimilation is poor even though the other factors are 
optimum. 

Experiments by Theiler, Green, and Du Toit {1130) showed that for 
growth minimal requirements for phosphorus are higher than those for 
calcium, and that a ratio of calcium to phosphorus of approximately 
one to two is not necessarily disadvantageous. 

The inorganic phosphorus content of the blood is a useful measure 
of adequate or inadequate phosphorous nutrition. The inorganic phos¬ 
phorus content of blood from animals receiving sufficient phosphorus 
varies from 4 to 9 milligrams per 100 cubic centimeters of blood, 
depending on the age and species of the animal; the younger the 
animal, generally speaking, the higher the inorganic phosphorus con¬ 
tent. In phosphorus deficiency the inorganic phosphorus content of 
the blood decreases. The method reported by Malan and Van Der 
Lingen (743), of South Africa, for determining the inorganic phosphorus 
and other mineral contents of blood from livestock and the detection 
of mineral deficiences through such analyses has contributed much to 
the livestock industry of South Africa. Similar methods arc being used 
rather extensively by scientists in the United States and other coun¬ 
tries for locating areas of mineral-deficient soils and the extent of the 
deficiencies. 


THE NATURE OF MINERAL DEFICIENCIES 

A continued deficiency of phosphorus in the ration leads to a condi¬ 
tion called aphosphorosis, which was identified in 1924 by Theiler. 
Green, and Du Toit {1129). The first symptoms of a phosphorus de¬ 
ficiency are usually manifested by a i)ervcrted or depraved appetite 
(pica) on the part of the animal as evidenced hy the chewing of wood, 
bones (osteophagia), dirt, and other miscellaneous material. When the 
disease advances to the stage where development of the bodies of 
affected cattle is materially impaired, it is known by such names as 
“stylsiekte” in South Africa {435). “stiffs” or “sweency” in Florida 
{83), and “creeps” in Texas {1015). 

The appetite of cattle in advanced stages of phosphorus deficionev 
becomes so depraved that even rotten bones are eaten, and when this 
material is infected with germs or organisms called Clostridium 
botulinum, a disease called lamsiekte in South Africa develops and 
usually proves fatal. This condition is probably identical with that 
known as loin disease, which is seen in cattle in certain parts of the 
United States. 

Calcium and magnesium deficiencies, like phosphorus deficiency, 
affect the skeletal structures and the function of reproduction. Theiler 
{1126,1127) has given the name “acalcicosis” to calcium undemutri- 
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tion. It 18 however, except in special cases, that maghesiiim 

cft'lci'ini (lenciencies are not sufficiently serious in any section of 
^ have any material effect on mature beef cattle. 

Kickets 18 a nutritional disease closely related to a deficiency of 
phosphorus, calcium, or vitamin D, particularly in young animals. 
Rickets may develop with a sufficient supply of phosphorus and cal¬ 
cium or an abnormal ratio of calcium and phosphorus in the diet 
when there is a lack of sufficient vitamin D, the antirachitic vitamin 
which greatly influences the metabolism of calcium and phosphorus 
and bone formation. 

Chlorine is required by animals since it is a constituent part of body 
tissues and fluids and is used in many functions such as the formation 
of hydrochloric acid, which aids in certain phases of the digestion. 

Iodine deficiencies are quite common in the Northwest and the 
upper Mississippi Valley, and usually show in the form of goiter and 
weakness in newborn calves, lambs, foals, and kids, and hairlessness 
and goiter in newborn pigs. 

Iron deficiency produces anemia, which can readily be determined 
in the laboratory by the determination of hemoglobin, the red coloring 
matter of blood, or by counting the number of red blood cells per unit 
volume with the aid of a microscope. 

Cobalt, according to Marston, Lines, Marshall, and Hosking (766), 
|s useful in correcting a specific nutritional deficiency disease in sheep 
in Australia, called coast disease, which is characterized by a severe 
anemia. Neal and Ahmann (S35) of the Florida Agricultural Experi¬ 
ment Station report an experiment in which calves were fed cobalt, 
with and without supplementation of iron and copper, in conjunction 
with a basal ration consisting of Natal grass hay, shelled corn, and 
skim-milk powiler. The hay and corn were produced on cobalt-de¬ 
ficient land. The authors report that— 

the results of these trials indicate very clearly the beneficial effect of a cobalt 
supplement to the basal ration: and the deleterious effect of ferric ammonium 
citrate and copper sulfate. A inalnutrition has been produced in calves that is 
prevented or cured by cobalt supplementation and is aggravated by the use of 
iron and copper supplement. 

The value of minerals in correcting a specific mineral deficiency 
depends upon the absorption, which in turn is affected to a great 
extent by the solubility of the particular compound fed and its ratio 
to other minerals present. 

MINERAL CONTENTS OF FEEOS 


By knowing the mineral contents of feeds and the approximate 
mineral requirements of animals it is possible in most instances to 
prevent or correct mineral deficiencies by proper supplementary 
feeding if the deficiency has not progressed to the point of permanently 

injuring the animals. . , 

Certain groups of feeds are high in calcium content and othep are 
high in phosphorus. For instance, the legumes (alfalm^ clover, 
lespedeza, etc.), milk products, and fish meal are nch m calcium, and 
the wheat and rice products (bran, middlings, red-dog flour, and nee 
polish), legume seeds, protein meals (cottonseed and Imseed), and 
milk and animal products (meat meal, tankage, fish meal, e .; 
phosphorus-rich feeds. 
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Thp mineral contents of some of the more comnion cattle iwna are 
(riven in table t>. In reviewing this table it mav be noted that alfalfa 
Lv contains approximately four times as much calcium as timothy 
h iv and that hsh meal contains about six times much calcium ‘ 
fllfaifn Nevertheless, alfalfa is considered a good source of calciuu,. 
and owing to its relative availability, it is a more popular source tb mi 
H sb meal Rice polish contains more than four times as much pin >- 
piiorus as timothy hay. Yet. even though timothy hay is low m 
talcium, limited experimental work has shown no bad efrect on milk 
production or growth when it is fed to dairy cattle as the chief soui 
of calcium. 


r(‘c 


Table 6,—Mineral content of some feeds, in percentage of suhstam'i* as fetl ' 


Seeds; 

Barley. 
Com.. 
Oats... 
Wheat- 


Feed 


Dry ! Tal¬ 
ma t ter I ciuin 


( J*ercfnt\ 
90.0 
86.9 
91.1 
87.7 


Percent 
0.07 
.01 
. 10 
.05 1 


Seed byproducts: 

Brewers’ grains. 

Torn-gluten feed. 

Cottonseed meal.. 

Distillers’ grains, corn. 

Distillers'grains, rye. . .. 

Linseed meal. 

Red-dog flour. 

Rice polish. _ . 

AVheat bran.. 

AVTieat middlings. 

Forage crops, green: 

Alfalfa. 

Bluegrass. . 

Clover, red.. 

Com, silage.. 


93.1 

94.3 
92.8 

92.3 
91.7 
91. 1 

89.5 I 
88. 9 I 
91.0 

88.5 I 

19.0 ! 
25.0 ' 
20.0 i 
27.0 1 


.04 
.13 , 
. 36: 

.12 I 

.03 I 

.10 I 

.09 

.42 ! 
.08 i 
.36 I 
.03 I 


Oats. 

Rye. 

Dry roughages: 

Alfalfa_ _ 

Clover, red.. 

Corn stover.. 

Cowpea_ . - 

Soybean....... 

Straw, oat__ 

Straw, wheat.. 

Timothy.. 

Roots and tubers; 

Beet pulp... 

Mangel-wurzels_ 

Turnips. .. 

Animal products; 

BonemeaJ, steamed.. 

Fish meal. 

Meat meal -. 

Skim milk. 

Tankage.... 


12.0 

.06 

12.0 

.06 

90. 4 

1.47 

88.4 

.96 

93.0 

.47 

S9. 1 

1.82 

89.4 

1.23 

91. 1 

.23 

94.5 

.20 

91.0 

.38 

90. 5 

.66 

11.5 

.02 

9,4 

.05 

96.8 

30.00 

92.7 

9.09 

90.5 

1.21 

9.6 

. 13 

90.0 

2.95 


Pho'i- 

Pofu''- 

, Afog' 


Sul- 

1 |ihnru> 

siiiin 

j ncsiurn 

i 

• rinc 

fur 

Percent 

Percent 

Percent 

1 Percent' Percent 

[Percent 

0.32 

0.51 

0. 16 


1 

0.14 

.26 

.32 

.11 

0.02 

' 6.04 

. 13 

.39 

.42 

.12 

. 17 

.07 

.2f) 

.37 

52 

.13 

.03 

.08 

.20 

.47 

i • 

.16 

.26 

.06 

.39 

.81 

1.06 

.40 

.97 

.21 

.7! 

1.11 

1.46 

.59 

.04 

.03 

.41 

.29 1 .01 

.05 

. 14 

.06 

. 47 

.42 

.04 

.18 

.07 

.03 

.37 

.84 

1.25 

.53 

.10 

.40 

.39 

.83 

38 

.29 

.66 

.14 

.26 

1.50 

1. 14 

.66 

.11 

. 13 

. 17 

1.15 

1.12 

.51 

.04 

.03 

.20 

.89 

.99 

.34 

. 10 

.03 

.21 

.05 

.77 

.04 

.05 

.12 

.11 

.06 

.35 

.06 

.04 

.06 

.08 

.05 ! .92 

.07 

.06 

. 13 

.08 

.06 

.26 

.08 

.01 

.05 

.04 

.05 

.83 

.02 

.07 

. 19 

.n.'i 

.06 

.84 

.01 

.04 

.22 

.08 

.20 

1.32 

.27 

.09 

.20 

.26 

.13 

1.62 

.25 

.03 

.05 

• 

.10 

1.72 

.09 

.06 

.29 

. 17 

.25 

.78 

.98 

.65 

. 15 

.32 

.21 

1.58 

.62 

.13 

.08 

.23 

.20 

1.29 

.16 




.04 

.80 

.06 

.22 

.20 

. 15 

.18 

1.24 

.12 

.06 

.27 

.06 

.06 

.31 

.25 

.17 

.04 

.13 

.03 

.44 

.04 

.08 

.16 

.03 

.05 

.26 

.01 

.03 

.05 

.04 

13. 90 

.13 

.78 

.47 

.06 

.31 

4.70 



.. 



.89 

1. 15 


. 44 ' 

.86 

' .32 

.09 

.24 

.01 

.05 

.09 

.03 

1.63 

.55 

.15 

1.66 

2.44 

.61 


1 Data from Ohio Agricultural Experiment Station Bulletin 255 {S71, pp. National Kesearch 

Council Bulletin 99 (805), and results of analyses made In the laboratories of the Bureau of Animal Industry. 


In many sections of the United States, particularly in the West in 
areas where beef cattle subsist almost entirely on the range, it is more 
practical and perhaps less expensive in the majority of cases to supply 
phosphorus, and perhaps other minerals, from sources other than 
grains and forage crops. Limestone, boncmcal, spent hone black, 
and oystershell are good sources of calcium. Bonemeal, spent bone 
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black| And di&i*iciuiii and disodiuin phosphates are good sources of 
phosphorus. The chemical salts, such as dicalcium phosphate, as a 
rule are not palatable and cattle will not eat them unless they are 
mixed with common salt or with some palatable feed or dissolved in 
the drinking Ler. Superphosphate, dicalciuin phosphate, or ground 
rock_ phosphat may be used as a source of phosphorus, but great 
caution must be exercised to be sure the product is low in fluorine. 
A chemical analysis should be made to see that there is not more 
than 0.10 percent of fluorine or of arsenic present. 

The minerals inost likely to be needed to supplement feeds are 
common salt, calcium, i)hosphorus, and in some cases iodine and iron. 
The need in some instances for the a<ldition of other minerals has been 
recognized, but the quantities required have not been adequately 
demonstrated. 

To a large, e.xtent, the judicious selection of feeds for purposes of 
providing supplemental proteins and vitamins as well as increased 
])alatability will balance the ration with respect to minerals also. 
Mineral-deficiency problems are fre()uently local, being due to defi- 
ciejicies in the soils producing the livestock feeds. A particular 
element may become a limiting factor to .successful nutrition. Thus, 
a calcium or phosphorus deficiency leads to arrested or distorted bone 
development in young animals, an iodine deficiency to goiter, and 
iron deficieircy to nutritional anemia, to mention the more common 
examples. 

Rations consisting largely of the cereal grains are relatively rich in 
phos])horus, but require tlie addition of calcium-rich supplements, 
such as the legume hays, limestone, or a combination of limestone 
and bonemeal, to provide a more favorable ratio of calcium to phos- 
jjhorus. When i)rotein supplements of such rations consist of tankage 
containing considerable bonemeal, fish meal, or milk, the need for 
mineral supplements is not so great. Xonleguminous pasturage some¬ 
times may be supplemented by the addition of bonemeal or a mixture 
of equal ])arts of Innestone, bonemeal, ami salt. In certain I’cgions 
the phosphorus content of grass or hay is low, and in such cases bone- 
meal, linseed meal, cottonseed meal, or some other phosphorus-rich 
feed can be supplietl to balance the ration. 

CALCIUM AND PHOSPHORUS REQUIREMENTS 

The requirements of animals for calcium and phosphorus must be 
satisfied from feeds which may vary considerably in their content of 
these minerals. Accordingly, it is advisable to provide a margin of 
safety in feeding standards, based as they must be on average require¬ 
ments and contents. When legume hays—alfalfa, clover, or soy¬ 
bean—are liberally fed, little or no mineral addition is required. 

Table 7 shows the approximate calcium and phosphorus require¬ 
ments of growing, fattening, pregnant, and lactating beef cattle. It 
will be noted that the calcium and phosphorus requirements are 
greater for growing and breeduig than for fattening cattle. 

Generally speaking, any feed mixture or mineral inLxture that will 
supply 10 to 15 grams of P 2 O 8 (phosphorus pentoxide) or its equiva¬ 
lent, 4 to 6.6 grams of phosphorus, per head daily should prevent a 
phosphorus deficiency in cattle grazing on phosphorus-deficient lange. 
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Table 7 .—Approximate calcium md phosphorus requirements of beef cattle, in penvut- 
agfis of the dry ration, and su^ested types of feeds which, when fed in accordance with 
good practice, are usually capcdtle of meeting the rer/uiremcnts 


Period of 
development 
of cattle 

Approxi¬ 

mate 

calcium 

require¬ 

ment 

Feeds providing calcium to 
meet requirements or bal- 
anct‘ the ration 

Approxi¬ 

mate 

phosphorus 

require¬ 

ment 

Feeds providing phosphorus to 
rnwt requirements or balance 
the ration 

Growing (400 

Percent 

0 . i 

lA'gume forage.. 

Percent 

0.3 

Forage above average in phos- 

pounds). 

Fattening (900 

.2 

Mixed grasses or hays.. 

.2 

phorus or grains with cotton¬ 
seed meal or wheat bran. 
ITsiial grain ration adequate. 

pounds). 
Pregnant (late). 

.4 

Liberal ration high in legume 

.3 

Liberal ration including grain. 

Lactating_ 

.3 

forage. 

T.egumo forage as part of 

.25 

Addition of concentrates such 



i roughage, or bonemeal in 
grain ration 


as wheat bran, linseed meal, 
cottonseed meal. 


and possibly correct an existing deficiency if the disease has not 
reached advanced stages. 

In South Africa where mineral metabolism of cattle has been one 
of the foremost nutritional problems for investigation for many years, 
Du Toit and Bisschop (287) obtained significant results from the feed¬ 
ing of bonemeal to breeding cows grazing on phosphorus-deficient veld. 
In the experiment the cows and heifers in calf and lactating cows 
were fed 5 ounces of bonemeal daily (except Sundays) and all growing 
and dry stock 3 ounces. The calves were fed the bonemeal supple¬ 
ment from weaning at 9 months of age until 30 months old. The 
results of this experiment were outstanding and are no doubt appli¬ 
cable to many of our range production areas, especially in the South 
and Southwest. Over a 3-year period bonemeal-fed cows had pro¬ 
duced an average calf crop of 87.3 percent as compared to 56.3 percent 
for the controls. In the bonemeal group 66.1 percent had 3 calves in 
3 years, while not a single cow among the controls produced a calf 
each year. 

The feeding of bonemeal hastened sexual maturity and favored 
breeding regularity. Of the bonemeal-fed heifers. 84.4 percent became 
pregnant when turned with the bull at from 2 to 2^ years of age, 
whereas only 73.7 percent of the control heifers became pregnant. 
The average birth weights of the two groups were 68.8 and 68.1 
pounds respectively for the bonemeal and control calves; but at 
weaning time (about 9 months) the calves from the bonemeal-fed 
cows weighed 16.6 percent more, and at 30 months of age, 243 pounds 
or one-third more. The feeding of bonemeal significantly increased 
the milk flow of the cows, and this in turn favored increased growth 
and skeletal development of the calves. A study of skeletal develop¬ 
ment made through a series of body measurements showed a marked 
superiority of the bonemeal-fed calves in nearly every measurement 
taken. 

Hart and Guilbert ^49S) increased the calf crop by supplementing 
range pastures in California with bonemeal. Schmidt (1015) found 
that “creeps” could be prevented and bone chewing stopped in about 
75 percent of the cases studied in the Gulf coast section of Texas. 
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Beeson and Hickman {85) found that a ration containing 0.12 
percent of phosphorus and supplying 8.23 grams daily to growing 
calves in Idaho resulted in poor condition of calves, rough coat of 
hair, and chewing of wood and eating of dirt by the calves. Their 
results indicated that 2 grams of phosphorus for each 100 pounds of 
live weight would meet the requirements of growing calves. 

The South African investigators, Malan, Green, and Du Toit (7^^), 
found that heifers on phosphorus-deficient pasture fed bonemeal from 
9 months to 2 years of age maintained a normal content of 5 milligrams 
of inorganic phosphorus per 100 cubic centimeters of blood, whereas 
control heifers showed only half that amount. 

Bekker {86) in South Africa reports experiments showing two-thirds 
of an ounce of dicalcium phosphate to be as effective as 3 ounces of 
bonemeal or \)i ounces of disodium phosphate. In choosing between 
these sources it should be taken into consideration that bonemeal is 
palatable to cattle and no trouble is experienced in getting them to 
eat it, whereas dicalcium phosphate and disodium phosphate are 
seemingly not palatable when fed alone. The former is onfy slightly 
soluble in water and accordingly must be hand-dosed or mixed with 
salt or a palatable feed, pisodium phosphate is soluble in water and 
can be placed in the drinking water, but this can be done satisfactorily 
only when the cattle are compelled to get their water from a supply 
treated with the salt. The South African investigators reported that 
when disodium phosphate (20-percent phosphorus pentoxide) was 
dissolved in the water supply at the rate of 45 grams per 6 gallons of 
water, the cattle drank 5.8 gallons of water each, and thus obtained 
1.56 ounces of phosphorus pento.xide daily, or 0.68 ounce of phos¬ 
phorus. 

The so-called deficiency diseases—loin disease, creeps, salt sick, 
stiff, hill sick, etc.—appearing in range-cattle herds, particularly 
in the South and Southwest, are being investigated in view of the 
excellent results obtained in South Africa in the feeding of phosphorus 
to range cattle. The Department of Agriculture and the Texas 
Agricultural Experiment Station are carrying on an experment in 
cooperation with the King Ranch in south Texas to determine satis¬ 
factory methods of correcting phosphorus deficiencies in cattle on 
the range. A general survey covering several months and extending 
quite generally over southern Texas indicated through the_ chemical 
analyses of hundreds of forage samples and of several soils that a 
phosphorus deficiency of considerable consemience exists in many 
sections of the Texas Gulf coast country. The chemical analyses 
did not revefd a calcium deficiency of importance. 

The administration of mineral supplements to cattle in this experi¬ 
ment (fig. 4) was begun in January 1937. Four groups of 25 head 
each of yearling heifers were random-selected and are being handled 
as follows: 


Group 1: Controls (no supplement). /o j 

Group 2: Fed approximately 3 ounces of bonemeal per head daily (Bundays 

Group 3: Fed approximately l)i ounces of disodium phosphate ner head daily. 
Group 4: Fed approximately 3 ounces of bonemeal and 160 milligrams of iron 
supplied in the form of ferric ammonium sulfate, 100 milligrams of manganese 
as manganese sulfate, 15 milligrams of copper as copper sulfate, 15 milligrams of 
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Figure 4 .—An experiment to determine satisfactory methods of correcting phosphorus 
deftciency in range beef cattle. Different groups of animals are given different mineral 
supplements daily. Results will be checked against a group that receives no supplement. 
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zinc as zinc sulfate, 15 milligrams of cobalt as cobalt sulfate, and 15 milligrams 
of boron as sodium tetraborate (borax) per head daily (Sunclays excepted). 

All groups, including tlie controls, are handled through the corrals 
and chute so as to reduce any variable in handling to a minimum. 
The heifers in the mineral-fed group are individually hand-dosed. 
Blood samples are taken every 14 days from five heifers in each 
group, so^ that the blood from each animal is sampled every 70 days. 
When this part of the experiment had been under way for only half 
a year, there had been a marked response to the feeding of the mineral 
supplements, as evidenced by the appearance and gains of the cattle, 
which were checked every 28 days. The analyses of the blood samples 
also showed a marked improvement in the inorganic phosphorus 
content of the blood in the groups fed mineral supplements over the 
control group. 

It is planned to conduct this e.xperiment over a period of several 
years, taking at regular intervals weights and measurements of the 
calves produced, for growth and skeletal-development studies. The 
effect of feeding minerals or mineral supplements on percentage calf 
crop, sexual maturity, and milk or beef production or both will be 
studied. In this experiment the mineral supplements are fed so as 
to supply 15 grams of phosphorus pentoxide per head daily in addition 
to that in the pasturage. It is estimated that this quantity will 
not only meet the phosphorus requirement bxit leave a margin for 
safety. Plana call for following this experiment with one in which 

Table 8 .—Kstimated daily calcium and phosphorus rojuirements of fsyoicinfi, and 

fattening tmf steers 

GROAVlXd STEERS 


Ro<iy woiRhf (pounds) 


30(1.. 

4(M1. 

,500.. 

000 .. 

700.. 

800.- 

900-- 

1 , 000 . 

1 , 100 . 

1 , 200 . 


Dry 
matter 
require¬ 
ment > 

Net 

require¬ 
ment of 
calcium 

Feed 
calcium 
required ; 

Necessary 
percentage 
of calcium 
in ration 

Net 
phos- 
i phorus 

1 require- 
ment 

1 Feed 
phos¬ 
phorus 
required 

Necessary 

percentage 

of 

phosphorus 

1 in ration 

Grams 

Grams 

Grams 

Percent 

Grams 

Grams 

Percent 

3, 552 

10.6 

15.1 

0.43 

8.6 

12.3 

0.35 

3,993 

9.9 

14. 1 

. 35 

8. 7 

12.4 

.31 

4,541 

9.3 

13.1 

.29 

8.7 

12.4 

.27 

4,861 

8.6 

12.3 

.25 

8.7 

12.4 

.26 

5,291 

7.9 

11.3 

.21 

8.6 

12.3 

.23 

5,644 

7.3 

10.4 

.18 

8.5 

12.1 

.21 

5,971 

6.7 

9.6 

. 16 

8.4 

12.0 

.20 

6,400 

6.2 

8.9 

! . 14 

8.4 

12.0 

. 19 

8,783 

5.7 

8.1 

. 12 

8.4 

12.0 

. 18 

7,154 

.5.3 

7.6 

. 11 

1 

8.3 

11.9 

. 17 


FATTENING STEERS 


300.-. 

5,198 

17.3 

4(X) -.. 

5,602 

6,190 

15.8 


14.5 

__ 

600.. 

6,501 

6,974 

7,348 

13.4 

700.-. 

12.4 

800.-. 

11.5 

!)0('. 

7,683 

10.6 

1,000. 

8,157 

9.8 

1,100.. 

8,568 

9.1 

1.200.-. 

8,966 

8.4 


24.7 

0. 48 

12.5 

17.9 

0.34 

22.6 

.40 

12.2 

17.4 

.31 

20.7 

33 

11.7 

16.7 

.27 

19.1 

.29 

11.5 

16.4 

.25 

17.7 

.25 

11.2 

16.0 

.23 

16.4 

.22 

10.9 

15.6 

.21 

15.1 

.20 

10.7 

15.3 

.20 

14.0 

17 

10.5 

15.0 

. 18 

13.0 

.15 

10.4 

14.9 

.17 

12.0 

.13 

1 10.2 

14.6 

.16 


1 In computing the dry matter retiuirements, the ratios of dry matter to total 
required are the Lme at dWorent body weights as those recommended in the Morrison standards (819). 
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phosphorus will be fed at different levels, so as to determine a more 
accurate measure of the minimum retiuirements. 

Until further experimental evidence is available on mineral require¬ 
ments of beef cattle, it may be the best plan, with few exceptions, to 
consider calcium and phosphorus as the minerals ^diich have a real 
economic relationship to the cattle industry. In this connection the 
estimated daily requirements for growing and fattening beef steers, 
as reported by Mitchell and McClure {80S) and presented in table 8, 
may be considered as a very good guide. 

VITAMIN REQUIREMENTS OF BEEF CATTLE 

Since the first vitamin was discovered some 25 years ago, knowledge 
in this field has steadily expanded, largely through the medium of 
laboratory experimentation with rats, guinea pigs, pigeons, and 
chickens. At present, accordmg to Maynard (769), there are at least 
eight vitamins for the existence of which there is definite evidence. 
That others undoubtedly exist should not be overlooked, though 
current evidence is somewhat conflicting and entirely too fragmentary 
to warrant any definite conclusions. 

Present knowledge with reference to the daily requirements of these 
dietary essentials in the feeding of beef cattle is extremely meager. 
It is known, however, that of the vitamins found to be essential for 
the well-being of beef cattle, relatively minute quantities are required 
to meet the daily needs. In the absence of these minute quaiitities, 
however, serious complications will develop, so that the feeding of 
nutrients containing sufficient amounts of the essential vitamins is 
necessary to insure health and well-being of the cattle. 

VITAMIN A 

Vitamin A, a fat-soluble vitamin, was identified by McCollum and 
Davis (7SS) and Osborne and Mendel (881). Animals are able to form 
vitamin A in their bodies from certain yellow pigments known as 
carotinoids, which are found m most plants. Vitamin A may alsn 
be supplied in fish oils. Results of experiments in feeding cattle in 
which such feeds as cottonseed meal, cottonseed Indls, and white 
hagari, or poor quality roughages are used, show clearly the need of 
this vitamin. 

It is generally agreed that animals fed rations deficient in vitamin A 
are usually more susceptible to specific infections, notably those of the 
respiratory tract, than are animals receiving an ample supply of this 
vitamin. There appears to be some difference of opinion among 
investigators as to whether animals receiving vitamin A in excess of 
that necessary to overcome deficiency symptoms have any increased 
resistance to infectious diseases. One of the major functions of this 
vitamin appears to be to maintain the epithelium, or lining, of the 
mucous membranes of the body in a healthy state and thus retard or 
prevent bacterial invasion (1247). 

An early symptom of vitamin A deficiency in cattle, commonly 
referred to as night blindness, is characterized by an inability of the 
animal to see in a dim light. If this condition is not alleviated com¬ 
plete blindness may follow. As the deficiency continues, a general 
degeneration of the nerves controlling vision and the coordination of 
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the extremities develops. This condition has been observed in other 
animals as well as in cattle (668, 1111), and spasms, paralysis, and 
death often result. 

Hart and Guilbert (496) have shown that cattle develop symptoms of 
vitamin A deficiency when grazed on ranges which, after an extended 
dry period, have become almost devoid of carotene. Cows on such ranges 
usually fail to breed regularly or they may abort at varying intervals 
after conception. Calves that survive are usually weak, frequently 
scour, and are very susceptible to respiratory diseases such as pneu¬ 
monia. Animals that have not been too seriously depleted of vitamin 
A usually recover when given access to feed rich in carotene or vita¬ 
min A. 

Because of the inconsistency between methods used by different 
investigators to detect quantitatively early clinical symptoms of 
vitamin A deficiency, a more desirable method has been sought. 
Moore (806) has suggested two methods. The first consists of follow¬ 
ing the level of blood carotene. In this test the proteins in the blood 
plasma are precipitated by the use of alcohol, and the yellow pigments 
soluble in petroleum ether are extracted. The concentration of the 
yellow color is taken as an index of the amount of carotene present. 
This is measured by the use of a Ijovibond tintometer. Below certain 
levels reproductive difficulties and vitamin A deficiencies occur. The 
second method involves the observation of the head of the optic nerve 
of the eye by the use of an ophthalmoscope. When vitamiii A defi¬ 
ciency exists changes described as papillary edema and clouding of the 
disk are observed. By the use of these two guides vitamin A defi¬ 
ciency can be diagnosed long before the health of the animal is so 
impaired as to make proper recovery impossible. 

In feeding tests at Spur, Tex., cooperatively conducted during 
1934-35 by the Bureau of Animal Industry anil the Texas Agricultural 
Experiment Station (data unpublished), steer calves were fed differ¬ 
ent amounts of alfalfa hay to furnish carotene in rations largely com¬ 
posed of cottonseeil meal and cottonseed hulls in order to establish a 
practical level of alfalfa feeding for the prevention of vitamin A 
deficiency in growing ami fattening steers. Steers fed 1, 2.5, and 5 
pounds daily of alfalfa hay showed no indication of the deficiency, 
while steers receiving a ration compo^d of cottonseed hulls, cotton¬ 
seed meal, and white kafir chops exhibited symptoms of vitamin A 
deficiency after having been on the ration for 140 days. One group 
of five steers was fed 1 pound daily of alfalfa hay in addition to the 
meal and hulls for 500 days. These steers made an average daily gain 
of 1.6 pounds and there was no appreciable manifestation of vitamin 
A deficiency among them. In subsequent experiments yearling 
steers, depleted of bodily stores of vitamin A and carotene by a ration 
composed of 12 percent of cottonseed meal and 88 percent of cotton¬ 
seed hulls and fed a supplement of carotene from alfalfa at levels of 
200, 350, and 500 micrograms per 100 pounds of body weight daily, 
gave indication that these levels were msufficient for normal hewtn 
and growth. Another group of steers fed carotene at a level of 750 
micrograms daily fared better than the three last-mentioned groups, 
but did not exhibit the alertness and activity of the fifth group, fed 
2,400 micrograms of carotene daily per 100 pounds of live weight. 
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In later experiments comlucted on a narrower range of carotene 
levels, 40 steer calves were depleted of vitamin A storage on a ration 
composed of 3 percent of tankage, 10 percent of cottonseed meal, and 
87 percent of cottonseed hnlls. As this grou}) became depleted they wen* 
placed on fattening rations furnishing from 450 to 1,000 micrograms of 
carotene per 100 pounds of live weight daily through the medium of 
alfalfa meal. Another group of 10 steer calves was fed a ration similar 
to that for the depletion group and in addition received 800 micro¬ 
grams of carotene per 100 pounds of live weight daily, which was 
supplied in alfalfa meal. Night blindness first appeared at 101 days 
in the groups fed the depletion ration. The average length of time, 
however, was 136 days, with 65 percent of the cattle showing symp¬ 
toms between 125 and 160 days. Two steers withstood the effects of 
the depletion ration for 206 days. Symptoms in addition to night 
blindness included excessive discharge from the nose and eyes, slob¬ 
bering, swelling of the joints, loss in weight, unsteady gait, aiul 
convulsions. 

Feeding at a level of 450 micrograms of carotene produced com¬ 
plete night blindness in all steers on this ration. At levels of 600 and 
750 micrograms convidsions and sickness were prevalent and complete 
night blindness occurred in the majority of cases. When the carotene 
content was raised from 750 to 1,250 micrograms, this group of steers 
showed slight improvement at the end of 3 weeks. Night blindness 
occurred in every case in which a level of 800 micrograms was fed 
from the beginning of the experiment, but the time required to pro¬ 
duce this condition in the calves of this group was greater than that 
for calves fed depletion rations from the outset. Normal vision was 
restored rapidly when the number of micrograms of carotene from 
alfalfa was increased to 2,000, or when an equivalent amount of vita¬ 
min A was furnished in cod-liver oil. The group receiving 1,000 
rnicrograms of carotene did not improve in night vision when fed at 
this level for 120 days. In fact, the steers slowly approached com¬ 
plete blindness. The variation in the rate of gain of the steers on 
different carotene levels was not significant. 

In still later experiments at Spur (1937-38), 50 steer calves were 
[)laced on the vitamin A-depletion ration. When the first 35 showed 
.symptoms of vitamin A deficiency, they were divided into 5 groups 
and placed on a basal fattening ration consisting of 3 percent of 
digester tankage, 15 percent of cottonseed meal, 30 percent of ground 
white com, and 52 percent of cottonseed hulls, with alfalfa meal in 
addition at carotene levels of 800, 1,000,1,250, 1,500, and 2,000 micro¬ 
grams daily per 100 pounds of live weight, respectively. The remain¬ 
ing 15 were handled in similar fashion when they became depleted. 
After carotene was fed for 84 days it was evident that 800 micro¬ 
grams per 100 pounds of live we^ht daily was not sufficient to con¬ 
trol night blindness. The cattle on levels of 1,000 and 1,250 micro¬ 
grams of carotene approached total night blindness, but appeared to 
be more active than the previous group. The groups receiving 1,500 
and 2,000 rnicrograms showed the same average degree of night blind¬ 
ness but ware markedly more alert and active than the 800- and 1,000- 
micro^am groups. The 2,000-microgram group appeared to regain 
normm night vision entirely for a period of about 10 to 14 days after 
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atartiiiK <)r> that level, but for the 4 weeks following they exhibited 
gradiially increasing night blindness. 

(juilbert and Hart report that lactation is probably a greater 

strain on the reserve supply of vitamin A than is gestation. They 
also stato that tlic vitainiii A reserve appears to be low for youDg 
growing animals but that it increases with age if the animals have 
access to feeds containing sufficient amounts of carotene. Maximum 
storage was found in the adult of advanced age. 

According to the work of Converse and .Meigs {220), cows should 
receive, for normal calving, from 80 to 100 milligrams of carotene 
<lady during the last months of gestation. A daily intake of only 
60 milligrams is liable to result in an appreciable number of dead 
calves. Although these results pertain to dairy cows, the data may 
be applicable to beef and dual-purpose cows in similar stages of 
gestation. 

Ward and others (1181), in an effort to determine the carotene 
requirements of growing calves, fed 27 dairy calves 1,200 to 1,400 
micrograms of carotene per 100 pounds of body weight without pro¬ 
ducing symptoms of vitamin A deficiency. Increasing the dosage 200 
to 200 micrograms did not appear advantageous. 

In determining the minimum vitamin A requirements of beef 
cattle ranging in age from 7 months to 4 years, (iuilbert and Hart {44o) 
added carotene to deficient rations in the form of chopped alfalfa 
hay or dehydrated alfalfa meal of known carotene content. The dose 
was increased periodically until the amounts ingested were sufficient 
for normal weight increase and to alleviate all clinical symptoms of 
deficiencjr. Recovery experiments were inaugurate*! when the ani¬ 
mals exhibited complete blindness in senii<larkncss. The carotene 
level at wdiich night blindness disappeared permitted gains up to 
2.86 pounds daily. These workers concluded that from 26 to 33 
micrograins per kilogram (2.2 pounds) of live weight were needed for 
minimum requirements. In most instances, symptoms reoccurred 
when the intake of carotene fell below 20 niicrograms, but this level 
prevented or cured clinical symptoms of deficiency. This minimum 
requirement in niicrograms per 100 pounds of live weight ranges from 
1,200 to l,o00. These inv^estigators suggest that the carotene or 
vitamin A requirement of cattle and other animals is directly related 
to body weight rather than to energy requirement. 

Semo and his associates (1026) found the vitamin A and carotene 
content of butterfat prepared from colostrum to be 5 to 15 times 
as great as that of ordinary butterfat. Vitamin A and carotene 
were found in largest quantities in the milk immediately after 
freshening and appeared to drop rapidly the first week, with a 
continued but more gradual decrease in the subsequent weeks. 
Calves should be allowed to obtain colostrum whenever possible, 
since it' serves as an important .source of vitamin A as well as other 

factors. , ., , 

Halverson and Sherwood (4^1) concluded that failure of cows on 
rations of peanut meal, linseed meal, or soybean meal with a inii^iaJ 
mixture and a poor roughage was due priinarily to a vitamin A defi¬ 
ciency, and that symptoms of “cottonseed meal poisoning were not 
due to the presence of a toxic substance in the meal. 
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VITAMIN B COMPLEX 

Experimental work has shown that the antineuritic vitamin Bj 
(thiamin) is required by man, dogs, poultry, pigeons, rats, mice, and 
possibly swine. In experimental work with cattle, Bechdel and 
others (75) fed rations to cattle insufficient in wha* was then (1926) 
known as vitamin B with no ill effects. Their work indicates that 
calves will grow normally to maturity and will produce normal off¬ 
spring on a ration that contains an insufficient amount of vitamin B 
(old nomenclature) to support growth and general well-being in the rat. 
However, successful lactation was never obtained for more than 
several weeks. 

Bechdel concluded that either the calf has a very low requirement 
compared to the rat, or that the vitamin is produced by synthetic 
action in the digestive tract. It has been shown that certain bacteria 
possess this synthesizing power. There can he little doubt that 
Bechdel and associates fed appreciable quantities of some vitamin B 
factors in their experiments, since crude commercial casein was in¬ 
cluded in their experimental rations. At present, there is no informa¬ 
tion available regarding the need of cattle and other large farm ani¬ 
mals for the individual vitamins known to make up the vitamin B 
complex. Eckles and Williams (301) studied the effect of yeast as a 
supplemental feed in rations for lactating cows and obtained negative 
results. However, Newman and Savage (852) recently reporteil that 
the use of dried brewers’ yeast and cereal yeast feed in dry calf-starter 
formulas fed to calves which received a limited amount of milk re¬ 
sulted in greater growth and body development than was obtained 
without these supplements. 

OTHER VITAMINS 

So far as is known today, the antiscorbutic vitamin (vitamin C or 
ascorbic acid) is required only by man, monkey, and guinea pig. 
The relatively few experiments which have been conducted have 
failed to disclose any need for this vitamin in the diet of cattle (11 SO). 
Phillips and associates (,9;^I) report that vitamin A or its precursors is 
concerned directly or indirectly with the maintenance of vitamin (’ 
levels in the blood plasma and urine of calves when they are main¬ 
tained on a certain experimental ration primarily deficient in vitamin 
A. These workers submit additional evidence that cattle require a 
dietary factor necessary for normal blood clotting that is believed 
to be vitamin K, 

It has been shown that beef cattle must have an adequate supply of 
vitamin D to enable them efficiently to assimilate and utilize the cal¬ 
cium and phosphorus in their feed and to prevent the development of 
rickets. There are no experimental data available as to the require¬ 
ments for this vitamin for growth, fattening, and reproduction of beef 
cattle. Bechdel and his associates (76) state: 

The minimum level of vitamin D for growth, well being, and proper calcification of 
bones of calves from birth to 7 months of age as found under the conditions of this 
experiment, is approximately 300 U. S. P. units per day per 100 pounds live weight. 

Vitamin D supplement was fed in the form of irradiated yeast, o.xi- 
dized cod-liver oil, and unaltered cod-liver oil. Long, Huffman, and 
Duncan (696) state: 
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When winter and early spring whole milk furnished the only source of vitamin 
D, the daily intake of 0.3 to 0.4 U. S. P. units per pound of body weight appeared 
to meet the recpiirement of the growing calf, when normal plasma magnesium 
values were maintained. 

This may suggest a more efficient utilization of vitamin D by the 
calf from natural vitaniin D in milk than from other sources. 

Vitamin E is of significance in the nutrition of some other species 
of animals, but experiments planned to demonstrate the importance of 
or the requirements for this vitamin in the feeding of cattle have not 
been satisfactorily confirmed. Vitaniin E is necessary for reproduc¬ 
tion in the rat, according to Evans ('‘^4^), and there is evidence that this 
vitamin is essential for normal reproduction in poultry also. Thomas 
and Cannon (IISS) have shown that goats may reproduce without 
unusual difficulty on rations devoid of vitamin E; in fact, they report 
an original herd of 7 goats to have increased to 48 on rations treated 
to destroy vitamin E. 

From this review it is plain that the vitamin requirements of beef 
cattle and other farm animals, with the possible exception of poultry, 
are little known and therefore offer an important field for nutritional 
research. 



PRACTICES IN THE FEEDING OF BEEF 


AND DUAL-PURPOSE CATTLE 


by W. H. Black > 


IN A COUNTRY as varied as the United States, feeding practices 

with beef cattle differ considerably in different areas. The author of this 
article discusses his subject with these differences in mind. Some of the 
newer experiments and methods, including the creep feeding of calves, 
are described from the standpoint of their practical value or lack of value. 
A table at the end of the article gives suggested average rations, in terms 
of the common feeds, for various classes of cattle. 


BEEF CATTLE 

Pkactices used in the feeding of beef cattle depend to a large extent 
on the relative availability of suitable grasses and grain. Where 
grass is the principal asset, as in the range country, and where grain or 
other concentrates are rather limited, the practices employed will or 
should be based on the maximum use of grass supplemented in some 
instances with hay, grain, highly concentrated feeds, or combinations 
of these. This will apply to essentially all methods or phases of 
beef-cattle feeding, including wintering, summer grazing, and fatten¬ 
ing. Therefore, where grass is the primary feed and concentrates are 
limited, the feeding practices are likely to be associated with the winter¬ 
ing and summer grazing of breeding herds and steers of various ages 
for feeder production rather than with the production of finished beef. 

In such areas as the Corn Belt, where fattening feeds are usually 
abundant and where pastures are somewhat limited, the extensive 
use of grain for steer fattening, and to a lesser extent for breeding herds, 
is the common feeding practice. But whether it be in the range 
country of the West, the fattening areas of the Middle West, or other 
beef-production areas, the feeding practices to use will hinge on the 
place filled by grass in the ration. In the broad sense, it is either grass 
or grain with the beef cattleman. There are, of course, many modi- 
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fictitious of these two practices witiiin and between the various beef- 
production areas, and these will be discussed under wintering, summer 
grazing, and fattening. 

WINTERING BEEF CATTLE 

^ Winteriiig beef cattle is an economic as well as a nutritional problem. 
The objective is to meet the minimum requirements of the animals for 
existence without impairment of function with feeds that are available 
and cheap and can be easily transported. Slightly <lifferent feeding 
practices are followed with breeding herds, bulls, arid steers. 

Breeding Herds 

The breeding herd, generally speaking, is wintered in the feed lot. 
The tendency to reserve range or pastures for winter grazing is rapidly 
increasing, however. In the range country of the Southwest and ill 
the Southern States, particularly along the Gulf coast, thousands of 
cattle have always had to depend upon range the year round; as a 
result death losses are usually quite heavy, and while the maiority 
come through, the ill effects of undernutrition are usually clearly 
revealed in their poor condition and small size. To renledy tins 
situation is a big problem in many localities, such as the cut-over 
pinelands, where it is difficult to improve the range by the introduction 
of better grasses or to grow supplementaiy feed, especially during the 
winter months. Perhaps the most practical way to improve the 
methods of wintering beef cattle under these conditions is to feed a 
supplement of concentrates. Cottonseed cake has been used rather 
e.xtensively throughout the Great Plains region as a supplement to 
winter range. 

At the United States Range Livestock Experiment Station, ^^les 
City, Mont., experiments during 1929-34 showed that in 3 

years out of 5 it was possible to keep the breeding cows on the range all 
winter. One group of the cows kept on the range throughout the 
winter received no supplemental feed, while the other received cotton¬ 
seed cake in an amount averaging 91 pounds per head for the total 
average winter period of 156 days. Cows fed cake made a winter 
gain of 23 pounds per head, whereas those on range alone lost about 
11 pounds. At the end of the following grazing season, however, 
there was a difference in yearly loss per cow of only 13 pounds, those 
fed cake during the winter losing 19 pounds as compared to 32 pounds 
for those wintered on the range without supplement. The loss in 
weight during the summer grazing seasons for the supplement-fed 
cows was 42 pounds, twice that of those carried on range alone. 
Calves from cows fed cottonseed cake were about 2 pounds heavier 
at birth and 13.6 pounds heavier at weaning time. The winter feed 
cost for the cottonseed-cake fed cows was $2.02 greater per covv. and 
the cost per 100 pounds of calf produced was $0.60 more than m the 
herd receiving no supplement. These results indicate that the use of 
cottonseed cake should be limited^ to seasons in which winter range 
conditions arc severe. Tlie experiments also showed that 1 pound 
of cake replaces approximately 10 pounds of hay fed iu the feed lot. 

It should be taken into consideration that the range used in these 


* Italic numbers in parentheses refer to fyiterature Cited, p. 1076. 
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experiments was typical of the northern Great Plains region, consisting 
lai^ely of western wheatgrass, blue grama, and buffalo grass. Grazing 
was therefore somewhat better than that found in the southeni part 
of the Great Plains and decidedly superior to that on native range in 
the Southeastern States. Progressive cattlemen ,^ave found, how¬ 
ever, that from 1 to 2 pounds of cottonseed cake a head daily or its equi¬ 
valent in grain or hay will usually carry breeding cows or growing 
stock 1 year old or older through the winter if they have access to 
reasonably good range for the area and if the season is normal. 

Other highly concentrated feeds will undoubtedly come into promi¬ 
nence for use in wintering beef cattle on the range. Up to the present 
time, the supplements for the most part have been protein-rich feeds 
such as cottonseed and linseed cake, but there is now a growing opinion 
that energy (carbohydrates and fats) is equally as important as a range 
sujiplement as protein—admitting that the protein-rich concentrates 
supply some energy. In view of this, some feed manufacturers are 
already putting on the market feeds in cube or pellet form which 
supjily both protein and enerpr. Such feeds as beet pulp, alfalfa, 
molasses, and protein-rich meals are being used in the manufacture of 
these newer types of feeds. 

Whether cattle usin^ winter range, which is usually deficient in 
nutrients at best, require additional protein only, energy oidy, or a 
balanced supplement, will have to be determined by carefully con¬ 
trolled experiments. This problem should he worked out by State 
experiment stations for specific areas, since what may be found to be 
true in one area may not be the best for others, owing to differences in 
the plant species making up the bulk of the grazing. 

In areas where winter range cannot be provided, some form of dry 
roughage (principally hays), or silages supplemented in some instances 
with grain or protein concentrates, or both hay and silage, may be 
used for wintering cows. There are few areas where either hay or 
silage crops cannot be produced. The place of silage made from corn, 
sweet sorghums (sorgos), and grain sorghums in the winter feeding of 
the breeding herd is well known in the areas where these crops are 
produced. It may not be amiss to mention that good-(juality silage 
from these crops, when supplemented with small quantities of gram 
and dry roughage, is one of the most economical and otherwise satis¬ 
factory feeds for wintering breeding, feeder, and stocker beef cattle. 
The use and value of good-quality hays for wintering beef cattle are 
likewise known. Suggested hay and silage rations for various classes 
of beef cattle are given in table 2 (p. 564). 

In some areas, particularly the South, many forage and hay crops 
are produced, but owing to tne humid climate, it is impossible to cure 
them as fodder or hay. New processes by which legumes or grasses 
can be ensiled with .safety are already beyond the experimental stage. 
Two methods now being employed in the making of silage from these 
crops are by the addition of molasses® and of acids (^54, 1169).* The 
use of molasses in the making of silage from legumes and grasses is no 


3 Wisconsin Agricultural Experiment Station, making molasses legume silage. Wis. Agr. 
Expt. Sta. Spec. Bull., 6 pp., illus. 1936 (rev. 1938). [Mimeographed.] 

^ViBTANSN, A. I. THE A. 1. V. METHOD OF ENSILAGE. LectUTo ... in Stockholm during Swedish 
Agriculture Week, March 16, 1932. 28 pp. [Typewritten copy in Bur. Anim. Indus., Beef and Dual- 
Purpose Cattle Investigations.) 
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longer experimental. The preservation of silage by the use of mineral 
acids, such as phosphoric, offers possibilities, but so far has not been 
resorted to as extensively as the preservation by molasses. Further 
experimentation is needed in this field. 

The quantities of molasses used per ton of green material are approx¬ 
imately as follows {854): 

Kind of crop: Molasses per ton 

Grasses or cereals.^ - 40 pounds (3H gallons) 

Mixed grasses and legumes- 60 pounds (5 gallons) 

Alfalfa or clovers-- - 80 pounds (7 gallons) 

Soybeans- - 100 pounds (8)-{ gallons) 

A survey {864) of the results on 34 farms showed that 16 pounds 
{\% gallons) of phosphoric acid to 1 ton of green material gave satis¬ 
factory results. Where smaller qtiantities of the acid were used, 
severe spoilage resulted. 

The making of grass and legume silage by use of molasses, and 
perhaps of acids, should have great adaptability to the Southeastern 
States and the Gulf coast region, where the harvesting seasons for hay 
are usually marked by frequent rainy spells. 

In the feeding of grass or legume silage, the fact should not he over¬ 
looked that the protein content is much higher than it is in corn silage. 
Alfalfa silage, for example, will supply approximately twice as much 
protein as an equal unit of corn silage. The use of grass silage will 
therefore make possible a reduction in the quantity of protein-ricli 
concentrates usually fed with silage. 

In range operations it is often desirable to carry hay over from one 
season to the next or for a number of years. Such hay deteriorates in 
nutritive value particularly with regard to carotene. Small quantities 
of now hay or silage can be used to advantage to supjilement old hav. 

Breeding cows should be wintered so as to he in thrifty condition in 
the spring. If they enter the winter season in good flesh, it is not 
necessary for them to make gains in weight during this period. It is, 
however, important that cows in good flesh have no ap])recial)le weight 
loss during the winter. Cows going into the winter in thin flesh 
should be well wintered in order not only to increase their weight, but 
also to properly nourish the fetus. Suggested winter rations for cows 
under various conditions will be found in table 2 (p. ,')64). 

In well-managed herds, the breeding operations are controlled so that 
calves will be clropped in the spring. Emphasis should be placed on 
the wintering of young heifers as calves and yearlings. After the 
second winter they are usually turned in with the breeding herd and 
handled as mature cows. As calves, they should be given the 
opportunity for proper growth and development through liberal 
feeding during the winter season which usually follows weaning. 
There are few localities where it would be advisable to attempt to 
winter calves on the range. In the warmer climates, improved 
ranges or pastures that have been reserved for winter grazing may be 
used, but even then supplemental feed such as grain, pi'otein concen¬ 
trates, and legume hay should be provided. Heifer calves intended 
for breeders should be fed so as to gain from % to 1 pound per head 
daily during the winter. 

Results of experiments {112) extending from the winter of 1926 -27 
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through the summer grazing season of 1929 at Miles City, Mont., 
showed that calves could be wintered satisfactorily on alfalfa hay alone 
at the rate of 13 pounds per calf per day. When 0.7 pound of cotton¬ 
seed cake was added to a hay ration of 12 pounds, the rate of winter 
gain was increased but the subsequent summer gt^ins were corre¬ 
spondingly decreased, indicating that the addition of cottonseed cake 
to an alfalfa-hay ration for calves was neither essential from a nutri¬ 
tional nor economical from a feed-cost point of view. The replacement 
of 3.9 pounds of alfalfa hay by 9 pounds of corn silage doubled the 
winter gain, but at the end of the following summer grazing season, 
the calves fed alfalfa hay and corn silage were only 18 pounds heavier 
than calves fed hay alone. Supplementing alfalfa hay should be 
desirable only when maximum gains are desired and an early sale of 
the animals is anticipated. The results of these experiments should 
be applicable to many beef-production areas throughout the I'^nited 
States. 

Experiments conducted by the New Mexico Agricultural Experi¬ 
ment Station (662), in which heifer calves were wintered on range 
supplemented with varying quantities of cottonseed cakes, showed 
that one-half pound of cake per head daily increased the total gain jier 
heifer 42 pounds over those receiving no supplement. When greater 
quantities of cake were fed, winter gains were further increased but 
subsequent summer gains were decreased, indicating more efficient 
production for the calves fed one-half pound of cake per head daily. 
These results may be considered as applicable to most range areas. 

In wintering yearling heifers on the range, the New Mexico station 
( 66 ^) found that it was advisable to feed approximately 1 pound of 
cottonseed cake per head daily. The ultimate benefit derived from 
such feeding is not so much the effect on the weight of the cow as the 
fact that it enables the dam to produce considerably more milk, result¬ 
ing in rapid gains for the suckling calf. 

Experiments {65) at Miles Cfity, Mont., showed that yearling heifers 
could be wintered satisfactorily in the feed lot when fed at the rate of 
approximately 20 pounds of good hay per head per day. The average 
rations used for two groups over a 3-year period were 22.7 pounds of 
alfalfa hay and 20 pounds of western wheatgrass hay, which gave 
winter gams of 38 and 40 pounds, respectively. Additional rations 
suitable for growing heifers wintered on the range as well as in the feed 
lot will be found in table 2 (p. 564). 

Bulls 

Bulls are wintered under essentially the same procedure regardless 
of the area or locality. The common practice is to winter them in 
sheds or feed lots and to feed them liberally on grain, protein con¬ 
centrates, and roughage (hay, silage, or both). 

It is essential to have the bull in a thrifty condition at the beginning 
of the breeding season, which, except m the Southern States, is 
usually about July 1. Bulls liberally fed during the Avinter months are 
likely to become too fat if not allowed to get considerable exercise. 
Bulls should have access to paddocks or small pastures and be com¬ 
pelled to take exercise. 

Winter range is desirable for bulls if it is provided with shelter and 
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conveniently located so that supplemental feed can be provided each 
day. Feeding grain at the rate of I 2 to I pound per 100 pounds of live 
weight with good raxige should be sufficient for properly wintering 
bulls that enter the winter in a thrifty condition. 

Where range is not available, roughage such as good-quality legume 
hay should be fed at the rate of approximately IK to 2 pounds per 100 
pounds live weight, or half this quantity with about 3 pounds of silage 
per 100 pounds live weight per head daily. Suggested rations for bulls 
are given in table 2 (p. 564). 

Steers 

Methods of wintering steer calves are similar to those employed for 
heifers, and the feeding practices recommended for heifer calves may 
be applied to steer calves. 

In experiments during 1930-31 to 1934 (115) in the wintering of steers 
at the ITnited States Range Livestock Experiment Station, steers were 
carried through two winters—as calves and yearlings—on high, me¬ 
dium, and low planes of nutrition, followed by two summer grazing 
seasons. No significant differences were apparent in average final 
weights of the three groups at the end of the summer grazing when the 
steers were approximately 2K years old. The average winter rations 
fed during the three experiments were as follows: The steers on a high 
plane of nutrition (group 1) received as calves 1.13 pounds of con¬ 
centrates, 11.97 pounds of alfalfa hay, and 0.59 pound of straw; and as 
yearlings, 0.09 pound of concentrates, 20.76 pounds of hay, and 1.86 
pounds of straw or straw and stover. The steers in group 2, on a 
medium plane of nutrition, received as calves 8.34 pounds of alfalfa 
and 4.01 pounds of straw or straw and stover; and as yearlings 9.65 
pounds of alfalfa hay and 8.58 pounds of straw or straw and stover. 
The steers on a low plane, group 3, received 3.74 pounds of alfalfa 
hay and 7.31 pounds of straw or straw and stover as calves and as 
yearlings, 4.22 pounds of alfalfa hay and 13.60 pounds of straw or 
straw and stover. Shredded corn stover was used to replace the straw 
in a part of the 1931- 32 experiment. 

The group 1 steers made a total average gain of 169 pounds per head 
for the two winters, as compared to 93 pounds for those in group 2, and 
39 for group 3. The 2K-year-old steers averaged at the end of the 
summer grazing season 1,068, 1,036, and 1,031 pounds, respectively, 
for the steers carried on the high, medium, and low planes of winter 
feeding. Any increased gain between groups did not compensate for 
the increased production, costs. Steers on the low plane made greatest 
use of the summer range, as revealed by increased summer gains. 
The steers wintered on the high plane made 74 percent of their total 
winter and summer gain on the range, as compared to 85 percent for 
those on the medium plane, and 94 percent for the low-plane steers. 
These experiments showed rather conclusively that, if steer calves in a 
thrifty condition are to be developed into 2-ycar-old feeder steers by 
the use of native summer range, they should be wintered so as to ^ain 
25 to 50 pounds per head during their first winter and kept in a thrifty 
condition on a plane slightly above mamtenance during their second 
winter, as yearlings. 

These experiments have been discussed rather fully because the 
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principles involved and results obtained are more or less applicable to 
any feeder-production area in the United States. 

Experiments in wintering yearling steers (1933-36) in southwestern 
South Dakota {107) on the range with and without supplements and 
in the dry lot, showed that under the conditions prevailing the costs for 
wintering the steers on the range was only 40 percent of that for the 
steers wintered in dry lot, and that the feeding of supplements to steers 
on the winter range may be limited to days of extremely cold weather 
or when the vegetation is snow-covered. Supplemental rations of 
0.78 pound of cottonseed cake and 1.51 pounds of corn produced 
similar winter gains at approximately the same cost, which averaged 
$1.63 more per head than for the steers wintered on the range and fed 
alfalfa hay only during severe weather or periods of heavy snowfall. 

Suggested rations for wintering steers of various ages are given in 
table 2 (p. 564). 

SUMMER GRAZING 


Most classes of beef cattle are turned on the summer range or 
pasture and forgotten until frost appears in the fall (fig. 1). There is 
accordingly little difference among practices within and between the 
areas of beef production. Rates of stocking and methods of handling 
pastures are the important summer grazing problems from a nutri¬ 
tional point of view. From the point of view of beef cattlemen, pas¬ 
tures are measured by the pounds of steer gain per acre or the num¬ 
ber of breeding cattle that can be grazed on a given unit without 
injurv to the pasture or range. These measurements are influenced 
to a large extent by methods of fertilizer treatment, which is outside 
the province of this article. Methods of managing cattle on pastures 
and ranges and of supplementing native pastures are considered here, 
and the feeding of supplements for the production of slaughter cattle 
is discussed under fattening practices (pp. 552-562). 

Experiments by Hein and Cook {602) conducted at Beltsville, Md., 
showed that no significant differences in gains were made by yearling 
steers on pastures grazed heavily and alternately and on pastures 
grazed heavily and continuously at the rate of one head per acre 
over a 6-year period. Steers on a pasture grazed lightly and contin¬ 
uously, stocked at the rate of one animal to 2 acres, made an average 
summer gain of 287 pounds per head as compared with an average 
gain of 195 pounds for the steers on the pastures heavily grazed. 
The average steer gain per acre for the 6-year period was 145 pounds 
for the lightly grazed pastures and 195 pounds for the pastures 
stocked at the heavier rate. 

It should be taken into consideration that when pastures are not 
closely grazed, there will, in normal seasons, be surplus forage that 
can be used for thin feeder or stocker cattle in the late fall and early 
winter. When pastures are grazed heavily, some provision should be 
made for supplemental feed on pasture dming late summer when 
plant growth is retarded by hot weather and lack of rainfall. 

Experiments in progress at Grain Valley, Mo.,® indicate the advisa¬ 
bility of supplementmg bluegrass pastures with Korean lespedeza 
during the latter part of July and through August. A supplemental 


> Unpublished data obtained in cooperative experiments between 
Industry and the Missouri Agricultural Experiment Station. 


the Bureaus of Plant and Animal 




Figure /. In the summer, most classes of beef cattle are tiirne<l out on the range or pasture and forgotten until frost appears in the fall. 
Rates of stocking the range and metluHls of handling pastures are the important nutritional problems. 
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acreage of Korean lespedeza, representing a 40-percent additional 
acreage, increased the steer gains 70 percent and enhanced the sales 
value of the steers an estimated 50 cents per hundredweight. The 
results of these experiments are quite generally applicable to the 
Middle Western and Eastern States. ^ 

Experiments at Ardmore, S. Dak., over a period of years (1919- 
30) (106) showed that the vegetation making up the pasturage is not 
likely to be damped by cattle if grazing is delayed until the middle 
of May and provided the rate of stocking is such that the cattle make 
fair gains during the growing season. Some loss in weight shown by 
cattle during the fall months does not necessarily mean that the carry¬ 
ing capacity of the range is impahed. Pastures that were more 
intensively gi'azed produced greater gains fier acre for the season than 
the pastures less intensively grazed. A slight advantage was shown 
in steer gains and gains per acre for alternate grazing over continuous. 
It should be well understood, however, that it is not impossible to 
injure pastures and ranges by overgrazing. The unlimited use of 
public domain in many sections of the Great Plains in the past has 
demonstrated time and again the evils of overgrazing. 

FATTENING BEEF CATTLE 

Two general methods are employed in the fattening of beef cattle 
for slaughter purposes; (1) Fattening on grass, (2) fattening in the 
dry lot. Many practices are in use under each method. As the 
great bulk of beef cattle fattened are steers, tbe discussions which 
follow will apply to this class of cattle. 

Creep-Feeding Calves 

In recent years there has been an increasing demand for lighter 
cuts of meat on the beef market in the United States. In an attempt 
to satisfy this changing demand, producers have striven to have 
cattle fat enough for slaughter when they are comparatively young 
(fig. 2). The more economical use of grain by yoimger cattle has 
been a contributing factor in the growth of this practice, though the 
ability of older cattle to make extensive use of roughage not otherwise 
marketable has offset this advantage to some extent. However, when 
calves to be fattened are raised instead of purchased, the breeding herd 
of beef cows utilizes to advantage coarse roughages that are less 
suitable for calves. Consequently, the maintenance of a breeding 
herd and the fattening of the calves produced may replace the grazing 
and fattening of older cattle on many farms. 

To meet the demand for smaller cuts of beef and to produce beef' 
more ec.onomically, it has been foimd practical, under certain condi¬ 
tions, to full-feed well-bred beef calves grain or concentrate mixtures 
previous to weaning and have them fat enough for slaughter at 
weaning time or a few months thereafter. This practice is termed 
“creep feeding.” Three years of cooperative work by the United 
States Department of Agriculture and the University of Missouri at 
Sni-A-Bar Farms, Grain Valley, Mo., showed that grain-fed calves 
weighed about 100 pounds more at weaning time than similar calves 
fed no grain and were usua% fat enough for slaughter when weaned 
at 8 months of age (117). When such calves were not marketed at 
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weaning time, the practice of feeding grain before weaning shortened 
the subsequent feeding period. 

The most suitable grain ration for such feeding became a problem 
of importance. In 3 years of cooperative feeding tests (118) at Sni- 
A-Bar Farms comparing (1) shelled com alone, (2) shelled com, 8 
parts by weight, and cottonseed cake, 1 part, and (3) shelled com, 2 
parts by weight, and oats, 1 part, it was found that suckling calves 
fed 140 days consumed less grain per 100 pounds of gain when- fed 
shelled com alone than when fed either of the other two rations. 
However, the calves fed the shelled com and cottonseed cake made 
greater gains, were fatter, and were valued 50 cents per 100 pounds 
higher at weaning time than those fed com alone or the com-oats mix¬ 
ture. The increased value of the calves fed shelled com and cotton¬ 
seed cake and their greater gains more than offset the cost of, the 
increased feed consumed. 

Subsequent creep-feeding experiments (IW) at Grain Valley over 
a 2-year period, showed that the addition of an alfalfa-molasses supple¬ 
ment to a shelled-com and cottonseed-cake ration in which the corn 
was ground resulted in a mixture that required 25 percent more feed 
per 100 pounds of gain than did the unground shelled com and cot¬ 
tonseed cake. The higher and more economical gains of the calves 
fed shelled com and cake more than offset a slightly higher valuation 
of the calves fed ground grain with the molasses supplement. Grind¬ 
ing increased cost of gains significantly but did not materially affect 
the rate of gain or the values of the calves. 

McComas and Wilson (7M) found, in experiments conducted over a 
3-year period in West Virginia, that a grain ration (8 parts shelled 
com and 1 part cottonseed meal by weight) fed to spring calves during 
the period previous to weaning, while they were miming with their 
dams on g:ood blue^ass pasture, increased the calf gain 8 percent over 
that for similar calves not creep-fed. Calves creep-fed for 168 days 
were suitable for slaughter at weaning time at an average age of 230 
days for the group, whereas those not oreep-fed were strictly feedei-s. 
In these experiments, the calves not creep-fed were placed in a feed 
lot and fattened for an average period of 116 days for the 3 years, 
to determine which method of feeding grain to calves was preferable— 
that is, feeding the grain previous to weaning by the creep system or 
in the dry lot following weaning. The average OTain ration for the 
calves fattened in the diy lot was approximately 8 pounds of the 
grain mixture and 3.75 poimds of hay per day. 

An important point m the creep-feeding method is the relatively 
small quantity of gram supplement required per 100 pounds of calf 
gain. In these experiments, this amoimted to 125 pounds for the 
creep-fed calves and 688 for those fattened in the dry lot. The net 
returns per calf were s%htly, but not significantly, higher for the 
dry-lot-fattened calves. In the Sni-A-Bar experiments {120), there 
were no significant differences in average net returns per calf between 
those fed supplements for 140 days before weaning and those continued 
on ^ose supplements for 196 dajs after weaning. 

Taylor, Willham, and Hawkms (1122) conducted experiments to 
study the effect of feeding grain to calves while they are nursing as 
compared to no grain while nursing, both lots of calves to be full-fed 
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ill the dry lot after weaning. They reported that creep-fed calves 
started the dry-lot fattening experiment, following weaning at 50 
pounds heavier than non-crcep-fed calves, but owing to a slower rate 
of gain were only 4 pounds heavier at the close of the test. The results 
showed that creep feeding does not pay for calves that are to be full- 
fed on grain for 5 months or more after weaning. The practice of 
creep feeding is better suited to farming conditions than to range 
areas. On farms the herd can be confined to relatively small pastures 
with only one watering place, preferably located near shade where 
the herd will tend to congregate for rest. 

Fattening Steers on Grass 

Comparatively few areas in the United States produce highly 
finished beef on grass alone. However, very creditable strictly grass- 
fattened beef comes from the Appalachian region, the Flint Hills and 
sand-hill areas of Kansas and N ebraska, respectively, the Osage country 
of nortliem Oklahoma, the Mineral Point section of Wisconsin, and 
many sections of the Great Plains. Thousands of grass-fat steers and 
even greater numbers of feeder cattle arc marketed annually from the 
areas mentioned. Feeder cattle require and receive more finish by 
fattening in the grain-production areas, principally the Corn Belt. 
Great numbers of 2- and 3-year-old steers are sent into the Flhit Hills 
and Osage country from Texas in the spring for strictly grass fattening. 
The bulk of those cattle usually move to the river markets in the 
Middle West during August and September for slaughter. 

There has been a noticeable trend in late years in many grass areas 
(exclusive of the strictly range areas) to supplement grass with con¬ 
centrates. Generally speaking, fattening cattle on grass requires only 
about one-half the quantity of grain or other concentrates that 
strictly dry-lot fattening requires. The practice of supplementing 
the grass with grain for production of grass-grain finishetl steers is well 
suited to areas where the bidk of farm land is in grass with a limited 
acreage devoted to grahi production. 

Three years of experimentation by Black. Warner, and Wilson (121) 
in the Appalachian region in West Virginia showed rather conclusively 
that the feeding of grain (com and cottonseed meal) was advisable for 
fattening steers on grass, as the gains of the steers were increased 
37 percent and the selling price more than 10 percent. These increases 
in steer gain and sale price were sufficient to more than offset the 
additional expense incurred over that for the strictly grass cattle. 
It should be taken into consideration, however, that the buying and 
selling prices of the cattle may have a more direct bearing on the profits 
than feed costs, and accordingly the feeding of grain to steers on grass 
may not necessarily be done at a profit. Grain increased the dressing 
percentage and produced fatter, more attractive, salable carcasses. 

These experiments were immediately followed with another series * 
to study the relative values of different methods of feeding the supple¬ 
ment. The average results during the 3-year period showed that the 
sales value of the steers fed grain throughout the grazing season of 135 
days was increased $1.13 per hundredweight over that of strictly grass 

® Experiments conducted at Lewisbiirg, W. Va., by the West Virginia .\grieultural Experiment Station 
and the Bureau of Animal Industry, 1928 to 1931. Data unpubli-^hed. 
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steers, but only 8 cents over the sales value of similar steers fed grain 
only during the last 79 days of the grazing period. This fact indicates 
that the feeding of grain supplements to steers on grass during the first 
half of the grazing season, provided grazing conditions are good, is not 
necessary for best results. The results also indicate that the practice 
of feeding a limited gram ration durmg the last half of the grazing 
season is to be preferred to the feeding of a more liberal ration of 
grain and hay in the dry lot for a short period immediately following 
the summer grazing season. The results of these experiments in the 
bluegrass region of West Virghiia should be apphcable to all bluegrass 
regions and to many other sections having improved pastures. 

There has been very little research to determine the value of feeding 
grain to steers on native grass in the range areas, due primarily, of 
course, to the scarcity of grain. However, in range areas adjacent 
to irrigation sections, or where dry-farming is practiced, as m the 
semiarid districts, the use of grain in a limited way for fattening steers 
on the range may be justifiable. The shipping of grain for this purpose 
into the range areas from a considerable distance is not recommended. 

Experiments by Black and Clark {107) in southwestern South 
Dakota, in which steers were fed grain (wheat and barley) on native 
summer range, showed that the feeding to 2-year-old steers of a grain 
supplement increased the steer gains materially over those made by 
steers on range without supplemental feed. In these experiments the 
increased cost of gains due to the use of supplemental feed was more 
than offset by the increased sales value of the steers as a result of more 
finish. The feeding of grain made it possible to market slaughter 
cattle rather than feeders. The grain used in these experiments was 
produced locally under dry-land farming conditions. As in the West 
Virginia experiments, there was no significant advantage in feeding 
the supplement throughout the summer grazing season rather than 
only in the last half. 

Fattening Steers in the Dry Lot 

The range areas west of the one hundredth meridian, extending 
from Canada to Mexico and including the Rocky Mountain region, 
supply the bulk of feeder cattle. Approximately one-third of these 
cattle are shipped to the Com Belt for fattening (fig. 3). Of the re¬ 
mainder, some are shipped to other fattening areas in the Appalachian 
region, some are sent to grass areas within the range country for grass 
fattening, as exemplified by the movement of Texas cattle to the Kansas 
Flint Hms, and still others are fattened within the range area on such 
feeds as the grain sorghums and cottonseed and on beet products. The 
feeder cattle are shipped to the grain-finishing areas primarily as calves 
and yearlings, a tendency toward the feeding of calves being on the in¬ 
crease. The feeders to be grass-fattened are usually 2 years md or older. 

The feeding of various ages or grades as such will not be discussed 
in this article, but rather the different practices or methods of fatten¬ 
ing within the areas, with special reference to types and combinations of 
feeds used. A reAuew of table 1 will perhaps be of interest, however. This 
table gives the approximate feed imits required to produce 100 pounds 
of gain on cattle fed in the dry lot as reported by Wilcox, Jennings, 
C^ier, Black, and McComas (1219, p. 45). 
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Figure 3. —Dry-lot feediiij; in the Corn Belt. Rations for fattening sleeicj in the dry 
lot vary^ considerably 9 especially as between silage and legume bay. 
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Tabi.e 1. —Feed units • required to produce 100 pounds of gain on cattle Jed in dry lot 


1 

Weight group (pounds) 

Concen¬ 

trates 

Dry 

roughage 

i 

Silage 

1 

Total 

feed 

units 

Percent¬ 
age of re¬ 
quire¬ 
ments for 
heavy 
cattle 

Heavy cattle (over 1,000)..... 

Medium-weignt cattle (Tfil -1,000) -- 

Yearlings (601-750)... 

Calves (under 600). - -- 

Units 1 

1. ino 
841 
691 
682 

Units ^ 

150 

151 
138 

no 

Units i 
71 
168 
173 
65 

Units 1 
1,330 

1,160 
1,002 
857 

Percent 

100 

87 

75 

64 

1 After due. consideration of the analyses of the feeds and of the values given to them in various feeding 
standards, they were put on a unit basis as follows: 

1 pound corn.-- ... 1.00 unit 1 pound mixed hay__ 0.35 unit 

1 pound protein concentrate_ .. 1.30 units 1 pound stover and straw.25 unit 

1 pound legume hay. .. .45 unit 1 pound corn silage. . .17 unit 


Rations of fattening steers vary considerably between areas, and in 
the Com Belt there are many variations in type of rations fed. In 
Iowa and Nebraska legume hay makes up the bulk of the roughage, 
whereas in Illinois and Indiana, com silage and mixed hay arc more 
widely used. A 5-year (1919-23) study {1219) of cattle-feeding prac¬ 
tices in the Com Belt showed that in eastern Nebraska oidy 2 percent 
of the rations contained silage and 76 percent contained legume hay, 
whereas in north-central Illinois 85 percent contained silage and only 
26 percent contained legume hay. The use of silage, particularly in 
the Com Belt, is governed usually by the quantity of legume and other 
dry roughage available, the price of grain, and the condition of the 
com crop as regards maturity. When com fails to mature, owing to 
short seasons and early frosts, the crop can be ensiled and used very 
satisfactorily for cattle feeding. Silage, as already indicated, replaces 
not only hay, but also grain. As silage is used largely with mixed hay 
or other roughage, such as straw or stover, it is usually advisable to 
include a protein-rich concentrate, such as cottonseed meal, linseed 
meal, soybean meal, or tankage. 

Silage is better suited to the early part of the fattening period, when 
greater quantities of roughages can be used advantageously. Silage 
can probably be use<l more satisfactorily with the lower grades of 
cattle that are not intended to be fattened to a high condition. It 
is also more suitable for long periods when rapid steer gains are not 
necessarily desired. 

The Minnesota Agricultural Experiment Station^ treated com silage 
with phosphoric acid at the time of filling the silo to determine whether 
the feeding value of the silage coiUd be increased. In this experiment 
about 10 gallons of the diluted mixture containing 10 pounds of phos¬ 
phoric acid were used per ton of green com. The results showed that 
while the silage treated with phosphoric acid kept it in excellent con¬ 
dition and possessed a dark-green, natural fresh-cut silage color, there 
was no increased feedmg value as revealed in steer gains. In the same 
experiment the addition of bonemeal did not show any benefits 

In the Com Belt one of the more important problems in the fatten- 

7 Peters^ W. H., and Rogers, C. F. the feeding value for fattening cattle of corn silage 
TREATED WITH PHOSPHORIC ACID WHEN FED TO {FATTENING CATTLE. Minn. Agr. Expt. Sta. Kept. B-32, 
5 pp. 1936. [Mimeographed.] 
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ing of cattle is the source of protein. . Generally speaking, the proteiti 
concentrate that will supply a pound of protein most cheaply should 
be the one to use, whether it be tankage, linseed meal, cottonseed meal, 
or some other product. All of these meals or feeds, of course, con¬ 
tain some ener^ and fat as well as protein, but usually the Corn Belt 
cattle feeder is interested only in protein and not in paying transporta¬ 
tion on ingredients he already has at hand. It is only in late years that 
tankage has been used in cattle feeding. It is not so palatable to 
cattle as the more widely used meals, but after a week little difhculU' 
is expcrience<l in getting cattle to eat rations containing tankage. 
Experiments by Johnson and Peters * show no advantage for tankage 
over linseed meal for fattening 450-pound calves fed at the rate of 1.5 
]>ounds of linseed ineal or 0.9 pound of tankage per head daily, unless 
a pound of protein can be obtained more cheaply in tankage than in 
other protein supplements. 

In the absence of com, such cereal grains as barley, rye, oats, and 
wheat are used in many sections of the Northern and Pacific Coast 
States. In the Southwest the grain sorghums are used very exten¬ 
sively as both grain and silage. In the sugar-beet areas, beet pulp 
and molasses are used, and in the Cotton Belt, cottonseed meal and 
hulls make up the standard cattle-fattening ration. According to 
Wilson and Wright {1237) in South Dakota, barley as a single feed is 
not equal to corn for fattening 2-year-old steers, since about one- 
eighth more barley was required for the same unit of gain. This 
would mean that barley was about 88 percent as efficient as corn for 
fa ttening 2-year-old steers. These same experimenters {1238) in com¬ 
paring rye (ground and unground) with shelled com, when fed in 
conjunction with alfalfa hay, found that the steers fed ground rye 
consumed about twice the quantity of hay, and those fed unground rye 
about one-third more than the steers fed shelled com, which indicated 
a vast difference in palatability of the two feeds. The rye-fed groups, 
instead of fattening, tended to grow, indicating an absence of the 
necessary nutrients for fattening. 

Stanley {1097) found, in two trials, no differences in the relative feed¬ 
ing value of rolled barley and hegari (a grain sorghum) when fed to 
high-grade range-bred calves webbing from 375 to 450 pounds. 
The addition of a simple mineral mixture composed of equal parts of 
steamed bonemeal and finely grotind limestone to a ration of alfalfa 
hay, rolled barley, and cottonseed meal did not prove profitable, nor 
were any beneficial results apparent (one trial). 

Barley fed to fattening cattle frequently causes digestive disor¬ 
ders, principally in the form of bloat. No satisfactory method for 
preventing this trouble has been worked out. It is the consensus of 
opinion, however, that when cattle have access to dry roughage such 
as straw or stover there is less trouble from bloating due to barley. 

Oats are generally considered too expensive a feed for cattle-fatten¬ 
ing purposes. There are times, however, even in the Com Belt when 
the feeding of oats to cattle is to be recommended. The addition of 
oats to the ration makes possible a reduction in the quantity of pro¬ 
tein concentrates such as linsecil or cottonseed meal, owing to the 

"Johnson,!). W.,ftIKl PETKBS, W. II. I.INSKKO on. MKAI. ANOTANKAOErOBrATTI.EPATXKNlNO. Minn. 
Agr. Expt. Sta. Kept. B-31, 8 pp. 1935. (Mimeogr«phe<l.| 
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liielier percentage of protein in oats as compared wth corn. Fre¬ 
quently the oat crop is of inferior quality, the oats being lightweight 
and very cheap, and under these conditions, especially when com is 
pnmnflrativelv high in price, it is advisable to replace corn m part at 
Sbfoatei^ Rogei/and Gcrlaugh {979, p. myhund at the Ohio 
Agricultural Experiment Station that oats made a very satisfactory 
substitute for half of the shelled com in a ration for fattening yeailmg 
steers for a period of 140 days, especially when both oats and coni were 
valued at the same price per pound. 

“V^cat, like oats, is usually too expensive for cattle feeding. There 
are times, however, when the quality is inferior owing to drought or an 
otherwise unfavorable growing season, and it can be used advanta¬ 
geously to replace com hi the fattening ration. Good-quality wheat 
shoidd be nearly as valuable as com. 

The grain soi^hums are coming into promhience in steer-fattening 
rations as both grain and silage. Early experiments {108,110) in Texas 
and New Mexico indicated that the results from the feeding of grain 
from sorghums to fattening steers compared favorably with those from 
com for beef production. Fodder and silage from the sorghums were 
likewise found to be valuable sources of roughage in beef-cattle rations. 


Subsequent experiments by Black, Jones, and Keating {109) showed 
that steers fed ad libitum on ground inilo in conjunction with Sumac 
sorghum fodder and cottonseed meal made greater gains than those 
fed unground milo. Grinding of milo, either as threshed grain or 
in heads, was conducive to efficient feed utilization. The higher sale 
prices of the steers fed ground milo more than offset the cost of grind¬ 
ing and showed this to be a profitable method of preparing the grain 
for cattle. It decreased materially, however, the gains of hogs fol¬ 
lowing the cattle in the feed lots. 


Threshing of milo heads increased the gains of steers to a degree 
statistically significant but not sufficient to justify the expense of 
threshing. Differences in efficiency of feed utilization by steers due 
to threshing were not significant. Feed costs per steer and per 100 
pounds of gain were higher with threshed than with unthreshed grain. 
Furthermore, there was no significant increase due to threshing in 
gains of hogs following the cattle nor in sale price of the steers. 

These experiments showed conclusively that the grinding of milo, 
whether in the form of milo heads or of threshed grain, is to be recom¬ 
mended for fattening young steers, whether or not hogs are placed 
in the feed lots to follow the steers. They also showed that the 
threshing of milo heads for use in steer fattening is an added expense 
offset neither by significantly greater steer gains nor by net returns. 

In the beet-OTOwing potions, beet pulp is being used rather exten¬ 
sively for cattle fattening, particularly in the wet form available in 
close proximity to the sugar factones. There are indications of 
phosphorus deficiency in beet-pulp and hay rations. Osland {884) in 
a senes of experiments over a 5-year period reports that each ton of 
wet beet pulp replaced 144.03 pounds of grain, 11.06 pounds of cotton¬ 
seed cake, and 331.93 pounds of alfalfa, when fed to feeder calves 
weighing approximately 400 pounds. Maynard, Greaves, and Smith 
if7d/) found that when a fattening ration for cattle consisting of wet 
beet pulp, beet molasses, alfalfa hay, and salt is supplemented with 



FEEDING OF BEEF CAHLE 


561 


steamed bonemeal, cottonseed cake, and mill-rim bran, which contain 
phosphorus, pica (perverted appetite due to phosphorus deficiency) 
was eliminated, the appetite improved, and gains were increased, 
while feed cost per unit of gain was reduced significantly. ■ Steamed 
bonemeal proved most efficient in correcting the phosphorus deficiency. 

.Molasses, particularly blackstrap (cane molasses), has been used 
extensively in the manufactured or commercial livestock feeds for 
yearn, but as a feed itself it did not come into prominence in cattle- 
fattening rations until recent vears. Its greatest use by cattlemen 
has been in making unpalatable roughages palatable by spraying or 
sprinkling diluted molasses on the feed. Some experimenters have 
reported good results, while as many others have found the opposite. 
Experiments at the Iberia Livestock Experiment Farm in Louisiana 
(939) showed that the addition of 2.3 pounds of molasses to a ration of 
6.5 pounds of cottonseed meal and silage fed ad libitum decreased the 
gains of 2-year-old steers and increased feed requirements and costs. 

SneU,® in experiments over a 2-year period in which inolasses was 
fed in conjunction with corn, cottonseed meal, and hay with and with¬ 
out silage to fattening steer calves, found that the addition of molasses 
increased the consumption of hay and silage but did not increase 
gains materially. The molasses-hay steers made more efiicient use 
of molasses than did the molasses-silage group, as 100 pounds of corn 
were equivalent to 112 pounds of molasses and 36 pounds of hay in 
one case, and to 114 pounds of molasses, 46 pounds of hay, and 68 
pounds of silage in the other. 

Edwards and Massey (309) in an experiment in which molasses 
replaced one-fourth and one-half of the corn, respectively, in rations 
for fattening yearling steers, found that molasses was not an economical 
substitute for shelled yellow corn. However, differences in results 
with the all-corn and the three-fourths corn and one-fourth molasses 
rations were not statistically significant. This experiment and otheis 
indicate that less than 3.5 pounds per head daily is more satisfactory 
than laiger quantities for fattening steers. 

The most widely used steer-fattening ration in the Cotton Belt is 
one of cottonseed meal and hulls. Great numbers of steers are 
fattened on these products at the cottonseed-oil mills. The tendency 
is to feed them to the lower grades of yearlings and 2-year-old cattle, 
as this combination of feeds is not so suitable for calves, which require 
longer feeding periods. For many yearn when cattle were fed heavily 
on these feeds alone for long periods, they would often become blind 
and have a staggering gait. This trouble was usually termed “cot¬ 
tonseed meal poisoning.” In late years it has been found that the 
trouble was vitamin A deficiency. A cottonseed meal and hull ration 
can be. materially improved by the addition of some grain or molasses 
and leafy, green legume hay to supply carbohydrates and carotene, 
respectively. Rations low in carotene are responsible for vitamin A 
denciencies, the first symptom of which is usumly night blindness. 

At the Texas Agricmtural Experiment Station {696, pp. 6-30) it was 
found that a cottonseed meal and hull ration could be greatly im¬ 
proved by the addition of corn. The Texas experiments indicated 

• Snell, M. Q. black strap molasses as a feed for fattening steers and farm work mules. La. 
Univ. Cir.f 7 pp. 1933. IMlmeographed.) 

141394*—39-37 
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that cottonseed meal and hulls should not be full-fed for periods of 
more than 90 to 100 dajs. 

Stanley (1096) found in experiments in Arizona that corn silage when 
fed with* cottonseed meal gave larger and more uniform daily gain 
than did a ration of cottonseed meal and hulls. Gains of 2-year-old 
steers fed cottonseed meal and hulls were satisfactory for the first 60 
to 80 days, but after that diminished rapidly. In the same series of 
experiments 100 pounds of cottonseed meal wer6 found to equal 170 
pounds of whole cottonseed. 

In the fattening of cattle in the dry lot it may be stated as a general 
rule that 50 bushels of good-quality corn and one-half ton of choice- 
quality legume hay win fatten a good-quality feeder steer of beef 
breeding in thrifty condition, regardless of its age. It will naturally 
take the younger animals a longer time to consume this feed ^nd 
reach approximately the same degree of finish. If these feeds are 
not available, their equivalents in other feeds can be estimated rather 
closely. For instance, good silage should replace good hay at about 
the rate of 3 pounds of silage to 1 pound of hay. Grain can likewise 
be replaced with beet pulp, molasses, and cottonseed meal and hulls 
to a certain extent. 

Table 2 (p. 564) gives suggested average rations for various classes 
of beef and dual-purpose cattle. 

DUAL-PURPOSE CATTLE 

Many farmers, in the Central, Western, and Eastern United States 
especially, are neither characteristically dairymen nor strictly beef 
producers. They have found by experience that at one time it may 
be desirable to produce beef, while at other times the selling of dairy 
products may be preferable. This situation has brought about the 
raising of calves and the handling of the breeding herd as dual-purpose 
cattle. 

Unless very high milk production is desired good pastures may be 
depended on to produce most of the milk in such herds. A new feed¬ 
ing practice suggested for dairy cows producing 4-percent milk is to 
feed about 0.45 pound of grain daily for each pound of milk produced 
above 14 pounds (1268). Wlien dual-purpose cows not on pasture are 
fed all the silage and good- to choice-quality hay they will eat, the 
feeding of grain could well be limited to those producing more than 
14 pounds of milk per day. 

In those sections where the farmer is neither a beef nor a dairy 
specialist, he is interested in a cow that will produce a calf of acceptable 
beef conformation and at the same time produce sufficient milk to 
raise two calves or to justify hand milking. A 3-year study by 
the Federal Trade Commission (229,^ pp. 11-38) indicated that the 
keeping of cattle for both beef and milk production was adaptable to 
the more intensive types of farming. The results also indicated that 
profits obtained from the raising of calves on Corn Belt fa^s were 
comparatively small. However, these facts must be taken into con¬ 
sideration: (1) Good, returns were obtained for a large quantity of 
roughage which, had it not been utilized for livestock, would have been 
wasted; (2) a home market was provided for salable crops; (3) on many 
farms a large acreage suitable only for pasture was made use of; (4) 
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profitable employment was provided for a season of the year when 
labor otherwise might be idle; (5) a return was obtained for capital 
invested in equipment which otherwise in many instances wouhl 
return nothing. 

Perhaps the most practical method of handling a dual-purpose herd 
where both beef and milk are desired is to follow a system that fits 
into the plan of operating the farm. If fat calves are to be produced 
a satisfactory method of growing and developing calves is to feed 
them grain while thejr are nursing. The calves sh^ould be startecl on 
grain as soon as possible, or at 3 to 4 weeks old. If the breeder pro¬ 
poses to carry his calf crop over and market them as long yearlings or 
2-year-olds, however, the feeding of grain to suckling calves is not 
believed to be profitable, unless the cows and calves have poor pasture. 

The spring calf crop may be marketed when weaned in September 
or October as feeders or as fat calves if creep-fed, or they may be fed 
a full grain ration and finished as fat calves after weaning. Calves 
dropped early in the year may be marketed the following summer as 
fat yearlings 15 to 16 months of age, when they should weigh 850 
to 900 pounds if wintered well and fattened on gi-ass with a grain 
supplement. 

The methods to be emploved in the development of dual-purpose 
calves as feeders or fat cattle are the same as discussed for strictly 
beef calves. There should not be a significant difference in the fat¬ 
tening of strictly beef-bred calves and dual-purpose-bred calves as 
regards rate and efficienev of gain. Dual-purpose calves, however, 
have a tendency to grow instead of fatten, and accordingly require a 
greater length of time to attain the same degree of finish. 



Table 2. —Suggested average daily rations for various classes of heef and dual-purpose cattle 
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THE FEEDING OF DAIRY COWS FOR 
INTENSIVE MILK PRODUCTION IN PRACTICE 


by Edward B. Melts ■ 


HERE are the main considerations involved in modern dairy cattle 
feeding. The author shows the relative importance of roughage and 
concentrates and proper ways of feeding them, tells how to determine 
the amount of food required, and outlines a satisfactory procedure, based 
on lengthy experience, for the feeding of dairy cows. He ends with a 
discussion of the requirements of the mature animal for various nutrients 
and some warning advice against overenthusiasm in certain directions. 


In attempting to give any kind of general advice in regard to the 
feeding and treatment of dairy cows, one is embarrassed by the im¬ 
mense extent and complexity of the subject.^ The cows themselves 
vary from the scrub animal that is with difficulty induced to give 
2,000 or 3,000 pounds of milk in a year to the high-bred modem cow, 
which will yield 20,000 or 30,000 pounds in the same period and will 
use up her own body if her food is insufficient to support this enormous 
production. Animals showing this wide variation are kept on farms 
that may be remote from cities, with unlimited pasture land and small 
facilities for importing manufactured concentrates; or they may be 
in expensive suburban districts where the cost of land is high and 
centers for the distribution of manufactured foods are close at hand. 

To meet the problems created by all these different situations, 
knowledge is still very inadequate. It has appeared in the last few 
years that animals suffer from numerous diseases due to the lack of 

1 Edward B. Meigs is Chief of the Division of Nutrition and Physiology, Bureau of Dairy Industry. 

I No one should write on the nutrition of farm animals at present without acknowledging that there are 
several recent, comprehensive, and admirable works on the subject. The latest edition of Morrison’s Feeds 
and Feeding (819) * was published in 1936. It contains a full and illuminating discussion from the practical 
point of view, with numerous references to the literature. Students who have had some training in physi¬ 
ology and biological chemistry may be referred to Maynard’s Animal Nutrition (769) published in 1937, which 
also contains an illuminating comprehensive discussion and numerous references. A very full discussion 
of the mineral nutrition of farm animals was published by Mitchell and McClure (803) in 1937. Finally, a 
general book on the vitamins was published by Sherman and Smith (105S) in 1931, and the very voluminous 
recent literature on this subject is discussed in articles on vitamins in the Annual Review of Biochemistry 
(285, 339, 479,721,912,913,1011). The present article attempts to give only a brief discussion of some of the 
practical aspects of feeding dairy cows, and the writer’s views are based partly on personal experience in 
connection with experimental work at the Beltsville, Md., station of the Department of Agriculture and 
partly on the much fuller expositions of physiological and nutritional principles given in the works above 
mentioned. 

3 Italic numbers in parentheses refer to Literature Cited, p. 1076. 
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certain mysterious cliemical compounds, which arc present in normal 
foods in very small quantities and the existence of which was not even 
suspected until a few years ago. But such diseases often do not appear 
until after the deficient foods have been fed for several months or 
years, and therefore a great many of the old views regarding food 
which were based on short experiments must now be discarded. 
Many of tbe foods used in farm rations have not been studied at all 
from the point of view of the i\ew discoveries. 

In spite of these difficulties and many others, daiiw cows must be 
fed. But it must be clearly understood that the advice wliich can be 
given on the subject at present cannot be exhaustive and final. It 
can cover only certain parts of the situation to be met, and must be 
based largely on judgments and inferences which have not yet been 
fulty tested out. 

The bovine species has been nourishing itself on pasture for count¬ 
less ages, but to determine how it has done so is difficidt or impossible. 
It seems quite likely that these animals are fitted to select from the 
great variety of plants to be found in any field those which will keep 
them in good health and enable them to secrete enough milk to sup¬ 
port their offspring. The problems with which we can most legiti¬ 
mately concern ourselves arise when cows are bred to produce much 
more milk than their offspring require and arc kept in bams and fed 
exclusively on foods selected by their human masters, many of which 
are more concentrated than and quite different from those which 
they could obtain under natural conditions. In the following dis¬ 
cussion, therefore, the problem considered will be that of the modern 
dairy cow, bred and kept for intensive milk production. It may be 
more specifically described as that of keeping a herd of modem hi^h- 
produemg cows in good health and near maximum fertility and milk 
yield^ through an uidimited number of generations. 

The dairy heifer is bred before she has attained her fidl growth, and 
from the moment of her first conception to the end of her usefiil life, 
she is always either carrying a calf or lactating or both. The inten¬ 
sively bred modem cow cannot eat ejiough during the first nionth or 
so of lactation to provide the material required for her milk, and 
during tlus period material from her body is used in the milk-produc¬ 
tion process. These losses of body substance are made up during 
other parts of the reproductive cycle. In view of this situation, the 
feeding of dairy cows cannot be divided, from the practical point of 
view, mto periods of feeding for maintenance, growth, gestatioii, and 
milk secretion. The cows must be fed more than they require in the 
less active portions of the reproductive cycle in order to make up for 
unavoidable losses in the more active portions. 

Much knowledge regarding the importance of purified chemical 
compounds in nutrition has come from experiments with rats. But 
the use of purified chemical compounds is expensive, even with small 
animals, and experiments with .such compounds are, therefore, not 
continued for any great length of time. We are still far from knowing 
what chemical compounds would be necessary and in what quantities 
to maintain a colony of rats in a high condition of fertility through 


* “Near maximum milk yield” means within, say, .5 or 10 perwnt of iimximum. Th® problem of keeping 
COWS actually at maximum milk yield for long periods has never been studied, but it would prob^ly invoh e 
feedinglarge surpluses of expensive foods which could not be paid for by the extra milk obtained. 
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several generations. And even if we had such knowledge for rats, 
it could not be applied without great reserve to other species of 
animals. 

It is not economically possible to earn' out long-continued experi¬ 
ments with chemically purified compounds on large Animals like dairy 
cows, but there is no difficulty about studying the effects of the ordi¬ 
nary farm feeds on growth, reproduction, and lactation in these ani¬ 
mals. Such experiments have been carried out in vast numbers in the 
past; but in many of them only one function of the animal, as for 
instance milk secretion, was taken into account, and many have not 
lasted long enough to show whether the rations used were capable of 
maintaining the cows at a high level of milk secretion and in good 
health and fertility throughout their lives. Tn the following discus¬ 
sion of the practical aspects of feeding dairy cows, such long-continued 
experiments as are on record have been given much consideration. 

RELATIVE IMPORTANCE OF ROUGHAGE AND CONCENTRATES 
AND PROPER WAYS OF FEEDING THEM 

A cow’s food consists of concentrates and roughage. The concen¬ 
trates, as their name implies, are foods in which the nutritive energy 
is high in proportion to their weight and bulk; they are from 75- to 
100-percent digestible. In roughages, the nutritive energy is lower in 
proportion to weight, the digestibility being from 30 to 75 percent. 
The concentrates consist of grains and highly digestible materials 
manufactured from grains, while roughages are whole plants, with 
the exception of the roots, often made into hay by drying. Pasture 
and silage also are usually included under the head of roughage. 

In numerous experiments with cattle, the nutritive properties of 
grain and hay have been studied by feeding each kind of food without 
the other over long periods. Cattle cannot be kept alive for more 
than a year or so on grain atone, but they may remain alive and in 
good health for many years on hay alone. High-producing cows, 
however, cannot be kept anywhere near their maximum milk produc¬ 
tion on hay alone, because they are not able to eat and digest the 
enormous bulk of this kind of food which woidd be necessary to supply 
the nutritive energy required for heavy milk production. 

In order to keep high-producing cows in good health and near maxi¬ 
mum milk production, therefore, it is necessary to feed both hay and 
grain—the hay to provide some nutritive energy, but more particularly 
certain nutritive essentials necessary to keep animals in good health; 
the grain to provide a large amount of nutritive energy in such con¬ 
centrated form that the cows can consume and digest enough of it for 
heavy milk production. 

Nutritive enei^ is that part of the energy of the food which can 
undergo chemical cha,nges within the body and thus supply the energy 
necessary to keep animals warm, to enable them to move about, and 
to make possible certain chemical changes within the body. The 
nutritive energy of any food can be measured and compared with 
that of any other food, and may be designated simply as its energy 
value. It would perhaps be better to describe the parts played by 
grain and hay in the nutrition of dairy cattle by saying that the chief 
function of hay is to supply certain chemical compounds required to 
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keep animals alive and in good health, and that the chief function of 
grain is to supply the large amount of concentrated energy ref|uired 
for heavy milk secretion. 

Cows can be kept for many years in good health and near maximum 
milk production on rations of grain and hay alone without pasture or 
other green or succulent food. In order to do this, however, it is 
necessary to pay particidar attention to the kind of hay fed. ’ Hay 
varies greatly in the quantity of various important chemical com¬ 
pounds that it contains. 

If it were necessary to get along with only one kind of hay, it would 
be much better to use legume hay than grass hay. Legume hay con¬ 
tains more of almost every chemical compound necessary for nutrition 
than does grass hay. But experience has shown tliat cows will not 
eat as much hay or thrive as well on either legume hay or grass hay 
alone as they will on a combination of the two. The roughage of the 
dairy ration may, therefore, consist of about equal parts of legume 
hay and grass hay. The best known chemically and probably the 
best of the legume hays is alfalfa. Among the grass hays, timothy 
has been much studied and may be taken as an example of the kind 
of grass hay to be fed. Other roughage which, like timothy, is high 
in carbohydrate and low in protein may be substituted, as for instance 
corn silage. In this case, of course, about equal amounts of legume 
hay and of the dry matter of corn silage should be fed 

The vitamins are contained in much larger quantity in hay of good 
quality than in hay of poor quality. It is iniportant, therefore, to 
supply cows with hay of good quality, and this can be done by using 
hay of the U. S. I^o. 1 grade. For some years the Bureau of Agricul¬ 
tural Economics has been engaged in the task of grading various kinds 
of hay. Descriptions of the different grades are to be found in the 
Handbook of Official Hay Standards {J165), and agents of the Bureau 
of Agricultural Economics are stationed in various parts of the United 
States for the purpose of grading hay that is put on the market. It 
is a disadvantage in using silage that no system has yet been devised 
of judging the quality of this food from its appearance, although 
silage, like hay, varies greatly in quality. 

Since the vitamin content of hay is so important for dairy cows and 
it is not always easy to obtain hay of the highest quality, it is not 
only economically advantageous but also good for the health of the cows 
to mduce them to eat as much hay as possible. This can be accom¬ 
plished not only by feeding a mixture of legume hay with either grass 
hay or some other low-protein roughage such as com silage, but also 
by feeding the cows at all times as much hay as they will eat, and 
keeping the grain down to a point where they will be hungry enough 
to dean up quickly all that is given to them. This excellent practice 
is applied by all experienced dairy famiers. ■ t \ 

For cows that are not on pasture, then, the basic portion of the 
dairy ration is as much roughage of good quality as they will eat, at 
least a tliird of the dry matter of this roughage consisting of legume 
hay. But good dairy cows will not eat enough roughage to supply the 
total digestible nutrients required for maximum milk production, so 
it is necessary to add concentrates to the ration. Even when this is 
done, most good dairy cows do not consume enough nutrients to cover 
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the requirement for milk secretion in the early PflfI of lactaUon 
period and lose weight for the first few weeks after calving. The 
problem of liow much to feed at this period resolves itself into giving 
as much roughage as they will cat at all times, and as much concen¬ 
trated feed as they will clean up in the first half hour after it is put in 
the manger. 

After the cow has become accustomed to lactation, however, and 
the milk yield has declined somewhat, a period is reached where she 
will eat more than enough roughage and concentrates to cover her 
requirement and will begin to gain weight unless the food supply is 
restricted. Numerous studies have been made to determine how 
much food should be given to maintain maxinium milk secretion 
without waste during this part of the lactation period. 

DETERMINING THE AMOUNT OF FOOD REQUIRED 

The total-digestible-nutrient or energy content of many farm feeds 
has been determined, and the figures obtained have been compiled in 
tables published in Morrison’s Feeds and Fceding {819, p. 954)■ Morri¬ 
son’s tables give not only the total digestible nutrients of the feeds, 
but also their content of a number of chemical constituents, as for 
instance protein, fat, phosphorus, etc. The requirements of cows are 
better known for some of these constituents of foods than for others. 

The requirement for total digestible nutrients has been much 
studied, and there is some approach to agreement among different 
investigators concerning it. In devising rations for dairy cows, the 
usual practice is to select one which contains in liberal quantities all 
of the chemical constituents known to be necessary for the nutrition 
of these animals, and then to feed to each cow enough of the ration to 
supply the total digestible nutrients that she requires according to her 
body weight and her milk and fat yield. The energy requirements of 
cows of various body weights and at various levels of milk and fat 
yield have been determined in ex|)eriments in which cows have been 
ted for long periods on such quantities of good dairy rations as would 
keep them at uniform body weight. The quantities of energy or 
total digestible nutrients in the rations found necessar\’ to maintain 
uniform body weight are then calculated, and from the results ob¬ 
tained the energy requirements for various body weights and various 
milk and fat yields are calculated and compiled in tables. The 
quantities of protein and total digestible nutrients given by Savage 
(1011) as required daily by cows for maintenance® and milk and fat 
yield * are given in table 1. By using these figures in conjunction with 
those given by Morrison for the total digestible nutrients contained in 


’ As stated in table the maintenance allowance may be increased or decreased in proportion to body 
weight for practical purposes. For very large or very small animals, the change in maintenance allowance 
should be somewhat less than in proportion to body weight, the mathematical formula used in calculating 

this change being X=M ^ here is the maintenance requirement to be determined; Af, the main¬ 

tenance requirement of a 1,000’pound cow; H', the body weight in pounds of the cow whose requirement 
is to be determined; and an exponent in regard to the value of which investigators are not agreed, the values 
assigned varying from 0.63 to 0.87. 

^ The Savage standard is used as the basis of the discussion in this article, partly because it was used as 
the basis in the experiments to be described later and partly because it is the most liberal of the feeding 
standards It is true that several less liberal standards have since been published, and that Savage himself 
has suggested a less UhHilscale of feeding than his original standard. The writer, however, is of the opinion 
that, where milk MijiMfton near the maximum is desired, it is advisable to feed at least as much protein 
and total digestible ninrients as are recommended in Savage's original standard. The reasons for this view 
are discussed in the proper place in the text. 
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daily feeds, the amounts of various rations required by any cow, 
according to Savage, can be calculated. There is good reason to 
believe that the Savage standard for energy requirement is not far 
from giving the quantities of nutritive energy necessary to keep good 
dai:^ cows near maximum milk production, and it will be used as a 
basis for the procedure recommended in this article. 


Table 1 .—The Satxige standard of daily food requirements of dairy cows for maintenance 

and milk production 
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part of the lactation periods, although they were fed not only as much 
hay as they would eat, but also as much of the concentrates as they 
would clean up in half an hour after they were fed. In the later parts 
of the lactation period the cows were allowed to gain back as much 
body weight as they had lost at the beginning. Aftp that they were 
still fed as much hay as they w'ould eat and sufficient concentrates 
to bring their consumption of total digestible nutrients up to what 
they required according to the Savage standard. 

In their dry periods the cows were fed 20 percent more total digest¬ 
ible nutrients than they required according to the Savage standard. 
When the hay was alfalfa alone, they consumed about equal quantities 
of grain and hay; when it consisted of a combination of alfalfa and 
timothy, they consumed about half again as much total hay as they 
did grain. 

The cows were bred as nearly as possible 6 months after they calved. 
If they became pregnant on the first breeding, they were continued in 
milk for the first 12 complete calendar months after calving, and then 
had a dry period of about 3 months before calving again. If there 
was delay in conception, the cows were kept in milk long enough to 
make the milking period four times as long as the dry period. 

The cows w'ere kept in stanchions and milked three times a day by 
hand. They were turned out for a part of each day in a fenced lot in 
which no grass grew. The time spent in the lot varied from a few' 
minutes daily when the weather conditions were very bad to 16 hours 
daily when the weather was most favorable. 

^he results of this procedure were found satisfactory for the first 
generation of cows subjected to it (fig. 1). But the heifers in the 
second generation subjected to such procedure were found difficult 
to get with calf. They came in heat regularly, but failed to become 
pregnant even though bred many times. Heifers from cows that 
had the same barn rations as those described above but with even 
small aniounts of pasture occasionally in the summer were not, difficult 
to get with calf; and the failure to conceive in heifers from cows that 
had had no pasture tended to be corrected if the heifers themselves 
were given pasture for fairly long periods. 

Pasture should, therefore, be made a part of the annual dairy 
ration. It is-important not only because it helps to keep cows in a 
state of high fertility, but al^, as will be shown later, because it 
contains large quantities of vitamin A which can be stored in the 
cows’ bodies and thus protect them from the effects of deficiencies of 
this vitamin that might occur in the winter through the feeding of 
roughage not of the best quality. There is every reason to tmnk 
that ^ood pasture is rich not only in vitamin A but also in other 
organic nutritive essentials that have not been much studied up to 
the present tinae, and that turning cows out on pasture for a part of 
the year provides insurance agamst a number of deficiencies that 
cannot be avoided by any kind of barn rations known at present. 

In most cases pasture is not only a means of insurance against 
sterility and deficiency diseases; it is also economically advantageous. 
Farmers naturally turn their cows out on pasture for about 6 months 
every year. It should be kept in mind, however, that, unless the 
pasture is plentiful and of unusually good quality, high-producing 
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Fiaire 1 -Lone-time feeding without pasture was satisfactory for one generation of 
A Thfs ^w TavT^an averagi of 7,391 pounds of milk a year for nearly 9 
Years on a ration of grain and a mixture of alfalm and umothy hay. B, Gram, la e 
cut U S No 3 timothy hay, and 20 pounds daily of yellow carrots enabled this cow 
to ive lin a^ais of m^ore than 10,000 pounds of milk a year for 4 years. 
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cows cannot consume enough of it to support their milk yield, and 
^rain must be fed in addition to keep this function near its maxi¬ 
mum. The cows that were given the barn rations described above 
through the winter did not increase in milk yield when turned out on 
pasture in the spring, even though grain feeding \^as continued all 
through the pasture season. 

Under certain circumstances, as near cities where land is very 
expensive or where high records are the chief consideration, pasture 
adds little or nothing to the economy of feeding cows, and it is con¬ 
venient to reduce it as far as possible. There are no experiments to 
show how far pasture can be reduced without affecting the fertility 
of dairy cows, but there is strong evidence for the view that rations 
such as those described above are nearly complete without pasture. 
It may be supposed for the present, therefore, that if cows are turned 
out on good pasture for 2 months every year and fed at other times 
as described above, the rations will be sufficient to support the herd 
permanently. 

It has not been possible to keep many of the cows available for 
experimental purposes for many years under the procedure which 
has just been described either with or without pasture, partly because 
a large proportion of the herd was needed for experiments with less 
satisfactorj’’ rations, and partly because every herd of cows is subject 
in the course of years to such accidents as epidemics of positive 
reactions to tuberculosis or contagious abortion. In spite of such 
restrictions and accidents, satisfactory evWence was obtained which 
showed that cows were likelv to remain in good health under such 
treatment either with or witiiout pasture, to reproduce normally for 
one generation, and to yield liberal quantities of milk up to the age 
of 12 or 13 years. About 90 percent of normal calves were obtained, 
and it required less than two breedings on the average to produce 
pregnancy. 

The annual milk and fat yields are calculated by dividing the total 
yields for the periods under consideration by the total time in years 
from the time of first calving in the period to the end of the last dry 
period, and including all the intervening dry periods. There were 
two Holstein-Friesian cows and four Jerseys whose records while fed 
and treated as outlined above happened to extend to periods of 
nearly 4 to over 10 years. In spite of the long dry periods allowed 
(25 percent of the periods in milk), the Jersey cows yielded 4,613 
to 6,921 pounds of milk and 291 to 388 pounds of fat annually on the 
above basis, and the Holsteins, 13,644 to 15,098 pounds of milk and 
409 to 441 pounds of fat. The periods for the two Holstein cows 
were close to 4.3 years each on barn feeding alone, and they averaged 
14,371 pounds of milk and 425 pounds of fat annually in those periods. 

In the case of the four Jersey cows, the total periods on the feeding 
and treatment in question included periods on pasture and corn 
silage. The total periods ranged from 3.92 to 10.30 years, with an 
average of 7.23 years, and the cows gave 5,776 pounds of milk and 
332 of fat annually on the average. Three of them were on rations 
of grain and hay alone, without pasture or succulent feed, for con¬ 
tinuous periods ranging from 4.60 to 8.76 years, averaging 6.51. 
The fourth cow is omitted from this calculation because she was 
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on dry feeds for a short time only. The three cows during the 
periods mentioned gave an average of 6,374 pounds of milk and 360 
of fat annually. The milk and fat yields were larger on the dry 
feeds partly because the periods on pasture included the first lacta¬ 
tions, in which the yield is normally smaller, and partly because the 
fourth cow happened to be a low producer. 

That the b^n rations fed to these cows were well suited to main¬ 
tain liberal milk yields for long periods is shown by the way in which 
the miUc yields were sustained in all cases. Both of the Holstein 
cows gave their largest milk yields in the last lactations in the periods 
studied at ages of oyer 5 years. The Jersey cows gave their largest 
yields at the ages of 5, 6, 6, and 8 years, respectively, and had de¬ 
creased less than 10 percent below their highest yields at the ages 
of 6, 7, 9, and 10 years. One of these cows had been on barn rations 
composed exclusively of dried feeds for more than 4 years in succession 
when she gave her highest yield. 

In actiim practice, the cows ate about 10 percent more total digest¬ 
ible nutrients than they required according to the Savage standard 
during periods when they were not on pasture. They remained in 
very good condition, but were not extremely fat. 

If cows are fed and treated as just described, they will receive 
more protein, fat, vitamin A, calcium, and phosphorus than has been 
found to bo the minimum requirement of these constitiients in the 
experiments bearing* on the subject. These are the constituents of 
farm rations that have been most studied up to the present time, and 
much information has been accximulated bearing on the quantities 
required by dairy cows and on the effects of a shortage of any one of 
them on the health and pei’formance of the cows. It is known that 
a shortage of one of these constituents will have unfavorable effects 
on either health or milk yield, and it seems likely, therefore, that it 
will be good practice to feed somewhat more than the minimum 
requirement oi each in the case of a herd of good cows that is being 
maintained for intensive milk production. Knowledge, however, is 
not yet sufficiently precise to make it possible to say just how cows 
ought to he fed in order to produce the best results with the highest 
economy. The procedure outlined has given satisfactory results in 
actual practice and may be regarded as at least an approximation of 
good feeding. The following discussion of the work on the require¬ 
ments of cows for the dietary constituents under consideration will 
throw light on the Questions as to how the requirements may be 
supplied from other foods than those suggested, how far the rather 
liberal quantities allowed in the procedure outlined may be reduced with 
safety, and what the results are likely to be if they are reduced too far. 

ENERGY REQUIREMENTS 

The total digestible nutrients of a ration represent fairly closely its 
content of metabolizable energy. This is the total quantity of 
enei^y that can be obtained from the chemical transformations 
undergone by food within the animal body. It is to be hoped that 
tables of metabolizable-enei^y values will be compiled and published 
in the not distant future. In the meantime the tables for total digest¬ 
ible nutrients are the most accurate representation available of 
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metabolizable energy, and in the following discussion the two terms 
will be used as being- sufficiently interchangeable for practical pur¬ 
poses. The question of net energy® will be discussed only very 
briefly, and the metabolizable energy of food will frequently be spoken 
of simply as its energy content. , 

The eneigy requirement of dairy cows and other farm animals has 
been much studied in the past—partly in rather brief balance experi¬ 
ments, in which the energy contained in the food has been compared 
with that given out as heat and in the milk and excreta; and partly 
in longer experiments in wdiich the quantity of food energy required 
to maintain milking cows at uniform body weight has been deter¬ 
mined. The balance experiments have shown that cows can often 
secrete milk more economically than is indicated by the results of the 
body-weight experiments, but there are many strong reasons for 
thinking that the results of the latter experiments should be accepted 
as a guide in practice rather than those of the former. These reasons 
may be outlined as follows: 

A cow responds to the demand that she secrete milk economically 
bv reducing the rate of milk yield faster than she would under more 
liberal feeding.^ In the balance experiments, the economy of milk 
yield is determined by comparing the energy intake in the food, over 
and above what is required for maintenance, with the energy output 
in the milk. From this point of view, if a cow consumed exactly her 
theoretical reouirement she might be secreting mflk very economically 
in the physiological sense, and yet this might be very wasteful as 
far as the farmer was concerned. 

The following example will illustrate the situation concretely. 
Suppose there are two cows, A and B, each of which requires 8 pounds 
of total d^estible nutrients for maintenance. Cow A is yielding 40 
pounds of 4-percent milk daily, and cow B, 20 pounds oi 4-percent 
milk. According to the Savage standard, cow A Avill require 14 
pounds of total digestible nutrients daily to cover her milk yield, 
which, added to the 8 pounds for maintenance, will amount to 22 
pounds altogether. Cow B requires 8 pounds of nutrients for main¬ 
tenance, and 7 pounds for milk yield, or 15 pounds altogether. Sup¬ 
pose cow B is consuming exactly her rec|uirement, while cow A is 
consuming 20 percent more than her requirement, or 26.4 pounds of 
nutrients daily. In the physiological sense, then, cow B is secreting 
milk much more economically than cow A. But from the farmer’s 
point of view cow B is consuming 15 pounds of nutrients in order to 
produce 20 pounds of milk, or 0.75 pound of nutrients per pound of 
milk, while cow A is consuming 26.4 pounds of nutrients to produce 
40 pounds of milk, or onlv 0.66 pound of nutrients per pound of milk, 
and is, therefore, decidedly the more economical producer of the two. 

In the most recent edition of Morrison’s textbook (819), two stand- 

^ Borne years ago the view was put forward that stock feeders should be furnished with tables of ‘'net 
energy values” for farhi foods, which should represent the fractions of the metabolizable energy of the foods 
that could be used by animals to produce some product useful to the farmer, such as fat. The metabolizable 
energy of hay or corn cannot be converted by a steer completely into the metabolizable enez^y of body fat. 
A certain proportion of the food energy is always converted by the animal into heat, and several investi¬ 
gators have supposed that the fractions converted into heat and fat, respectively, would be sufficiently 
constant to be used in tables of food values. Morrison (819) has given a table of net energy values and dis¬ 
cussed the subject with references to the literature. Most recent investigators, including the writer, how¬ 
ever, think that the **net energy values'' of individual foods are not sufficiently constant to be used as a 
basis in practical feeding. 
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ards of total digestible nutrients are given for milking cows, one more 
liberal than the other. In discussing these standards, Morrison states 
that it IS often more economical to feed less total digestible nutrients 
than are required for maximum milk production, because cows can¬ 
not be maintained at maximum production without large amounts of 
concentrates, and in nianj’^ areas of the country roughage is so much 
chea.per than concentrates that the extra amount of milk obtained bv 
feeding the extra concentrates is not sufficient to pay for them. 
Morrison recommends* that the higher amounts of total digestible 
nutrients be fed to good cows under usual coiulitions, but says that 
it may be more profitable to feed according to the lower figures when 
roughage is very cheap in comparison with concentrates. 

Morrison’s more liberal standard recommends, on the average, about 
7 percent less total digestible nutrients per pound of milk than the 
Savage standard, and experiments have indicated that even the Sav¬ 
age standard does not provide quite enough total digestible nutrients 
to keep cows near maximum milk proiluction. There are no experi¬ 
ments to show' what effect it would have on the milk production of 
good dairy cows to keep them for several years on rations that do not 
supply enough total digestible nutrients to maintain milk production 
near its maximum. 

Experiments carried out in Minnesota, in Missouri, and in the 
Bureau of Dairy Industry Station at Beltsville, indicate that cows are 
kept close to maximum milk secretion when they are fed good rations 
containing the quantities of total digestible nutrients recommended by 
the Savage standard or 5 to 10 percent more, and that Jersey cows so 
fed will often go on secreting about 6,000 pounds of milk yearly for 
several successive lactation periods. In Holsteins, the milk yields 
obtained have been about 14,000 pounds annually. In both breeds 
the rate of decline in milk yield has been about 50 percent of the 
maximum monthly yield in the course of 12 months. 

For the reasons already given, it seems likely that yields near the 
maximum will coincide closely with the most economical yield, in the 
sense that by getting such yields the farmer will get the largest pos¬ 
sible quantity of milk per pound of total digestible nutrients given 
to his cows. To assign a level of feeding that will give the best re¬ 
sults in a strictly financial sense is a very complicated problem. To 
solve this problem, there must be taken into account, among other 
things, the varying prices of roughages and concentrates, the over¬ 
head expense represented by barn space and labor, as w'ell as by food 
for maintenance required to keep a larger number of cows to produce 
a given quantity of milk, and the extra price that can be obtained for 
calves in some districts if the cows in the herd have good milk records. 
It would seem that this problem must be left to a large extent to the 
individual dairy farmer who knows his own particular conditions. 

The effects of a moderate reduction in the energy content of the 
ration below the requirement of milking cows are a decline in 
yield and a loss of body weight. In a few weeks the cow, without be- 
coming sick, reaches a milk yield and body weight that can be supported 
on the reduced ration and continues under the reduced conditions^ at 
a constant body weight. Severe reductions in the energy of the ration 
result in visible emaciation, but this can often be carried surprisingly 

141304*—;i»-38 
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far without producing any strictly pathological results. The results 
of energy deficiency are in marked contrast to those of deficiencies in 
vitamin A, calcium, phosphorus, and iodine, which often produce 
pathological symptoms without the changes that are ordinarily at¬ 
tributed to lack of food. 

The situation with regard to the energy requirements of dairy cows 
may be summed up by saying that the figures given as the average 
requirements by different investigators vary from those given. by 
Savage to figures about 20 percent lower than liis. These figures are 
all based on body weight and balance exjieriments, and there is vei^ 
little experimental evidence on the question as to how milk yield is 
affected by different levels of energy consumption over long periods. 
To devise experiments that would throw clear light on this question 
would be a difl&cult matter, because individual cows vary considerably, 
not only in their energy requirements for maintenance, but also m 
their tendency to convert food energy into milk or body fat. From 
considerable study of such experiments as bear on the question, and 
from many years’ observation of a herd of cows fed at various levels 
of energy consumption, the writer has formed the opinion that good 
dairy cows will yield the largest amount of milk per pound of total 
digestible nutrients consumed over a period of serveral years when 
fed approximately according to the Savage standard. 

In this matter, however, it is both legitimate and desirable for the 
dairy farmer to experiment to some extent for himself. It will not 
seriously injure the health of his cows to feed somewhat more or some¬ 
what less nutritive energy than they reguire for maximum milk yield, 
and it is important for him to know which of the cows iviU respond to 
liberal feeding by large returns in milk. Furthermore, the effects of 
underfeeding and overfeeding are easily detected by changes in body 
weight and milk yield. The condition of the cows should be watched 
and should supplement the figures given in the standards as a guide in 
feeding. The response in milk yield of the individual cows to liberal 
feeding should also have great influence in determining the procedure 
to be followed. Cows in poor condition from long-continued under¬ 
feeding will often respond with a surprisingly increased milk yield to 
liberal feeding for a month or so before they calve. But the figures 
given in the standards set useful limits to the range within wliich 
experimentation is worth while. The dairy farmer can count on it 
that few cows will respond with profitably increased milk yields to 
continued feeding much above the Savage standard, and that still 
fewer will fail to show marked signs of undemutrition and disastrous 
reductions in milk yield if fed for any length of time 20 percent or 
more below this standard. 

THE MOST IMPORTANT CHEMICAL COMPOUNDS 

The number of chemical compounds known to be necessary to 
keep animals in good health is large. But most of them are needed 
in very small quantities and are present in natural foods in greater or 
lesser amounts. In the case of animals fed on natural foods, there¬ 
fore, deficiencies in most of the compounds neeessary for nutrition 
do not occur; under practical conditions, deficiencies of only a few 
such compounds have been observed to produce pathological symp- 
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toms. The deficiencies known to have produced pathological or 
unfavorable conditions in dairy cows in practice are those of protein, 
fat, vitamin A, calcium, phosphorus, and ioiline. 

THE PROTEIN REQUIREMENT 

Although much effort has been devoted to studying the protein 
requirement of dairy cows, authorities are by no means agreed as to 
what this requirement_ is. The quantities of protein recommended 
by Savage have been given in table 1 (p. 571). Some vears previous 
to the publication of Savage’s work, Haecker had published a standard 
which allowed about 20 percent less protein for each pound of milk 
than does Savage’s standard. In the 1936 edition of Morrison’s 
Feeds and Feeding {819, p. 1004) still other figures are given for the 
protein requirements of dairy cows. According to the Morrison 
figures, good cows mider usual conditions should get about 7 percent 
less protein for maintenance and about 25 percent less per pound of 
milk than the Savage standard recommends; and for certain conditions 
where concentrates are expensive still lower quantities of protein 
are advised. 

The Savage standard allows 0.7 pound of digestible crude protein 
daily for the maintenance of a 1,000-pound cow, and, in addition, 
about twice as much protein as is secreted in the milk. Several other 
investigators have obtained results that suggest that a milking cow 
weighing 1,000 pounds need receive only 0.5 pound of digestible crude 
protein for maintenance plus 1.25 times as much protein as is secreted 
in the milk. 

Carjr (196) studied the effects of feeding these levels of protein on the 
milk yield of good dairy cows for long periods. The cows were fed 
10 percent more total digestible nutrients than required by the 
Savage standard. The low-protein ration consisted of corn meal, 
wheat bran, a commercial dextrin preparation, alfalfa hay, and 
timothy hay. The high-protein ration was the same except that the 
protein content was raised by substituting for some of the dextrin 
preparation a quantity of casein with the same total-digestible- 
nutrient content. Two cows were used in the experiment. 

When changed from the high-protein to the low-protein ration at 
the beginning of the dry period, one cow in the immediately succeeding 
lactation period produced 50 percent less milk and fat. The other 
cow maintained her production for nearly 8 months in the first lacta¬ 
tion on the low-protein ration, but lost about 100 pounds in body 
weight. At the end of the 8 months, the milk yield and percentage 
of fat dropped abruptly. In her next lactation on the low-protein 
ration, this cow gave only 22 percent of the milk and 15 percent of the 
fat yielded in the preceding high-protein lactation, and went dry in 
5 months. When the cows were put back on the high-protein ration, 
both immediately resumed their original higher level of milk and fat 

production. _ . -a • 

These results are instructive in showing how cows differ m their 
response to inadequate protein in the ration. Some reduce their 
yield immediately; others, not until after several months. In all 
cases the milk yield and the percentage of fat are finally greatly 
reduced, though no permanent damage is done to the cow, which 
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recovers in both milk and fat yield as soon as she is pnt back on an 
adequate protein ration. The results show that, for the feeds used 
in this experiment, 0.5 pound of protein for the maintenance of a 
1,000-pound cow plus 1.25 times the protein secreted in the milk is 
not sufficient to maintain maximum rmlk production. 

To determine the quantity of protein required for milk secretion is 
a very complicated problem. Proteins are made up of combinations 
of simpler chemical compounds called amino acids (see the article on 
Protein Requirements of Man, p. 173). Several of these amino acids 
are called essential because animals cannot manufacture them from 
other compounds, and, in order to remain in good health and secrete 
milk, they must obtain these essential amino acids from the protein of 
the food. Some proteins lack some of the essential amino acids or con¬ 
tain them only in small quantities, and all of the essential onesxare 
reqxiired in considerable quantities for the formation of milk protein. 
Food proteins differ, therefore, in their ability to support milk secre¬ 
tion, according to their amino acid make-up, and it is not possible to 
say exactly how much protein is required for a given amount of milk 
without first knowing what kind of protein is to be fed. Strictly 
speaking, there is no such thing as a general protein requirement for 
dairy cows. 

Further, in the ordinary balance experiment, only the total amount 
of nitrogen taken in and given out by the cow is determined, and the 
protein intake and output is calculated from the figures obtaineil for 
nitrogen. The fact that an animal is not losing nitrogen from its 
body, which is taken to indicate that it is getting an adequate amount 
of protein, does not necessarily show that it is not losing one or more 
of the essential amino acids. Such loss miglit be concealed by the 
storage of a small amount of nitrogen in the form of some other amino 
acid. The problem of the protein requirement for milk secretion, 
therefore, is still far from being solved with any exactness. In view 
of these and many other results (77.4» PP- ^07,210) tending to show that 
liberal feeding of protein is necessary for high milk production, it 
seems wise to feed as much protein as is called for by the Savage 
standard when maximum milk production is desired. 

In experiments continued over many years, cows have been fed 
from 30 to 100 percent more protein than is recommended by the 
Savage standard. The results indicate that cows may consume at 
least 30 percent more protein than is recommended by the Savage 
standard without any bad effects on their health or per/omiance. 

THE FAT REQUIREMENT 

Recent experiments have shown that the milk yield of cows tends to 
be noticeably reduced when the cpiantity of total fat—as distinguished 
from digestible fat—in the ration falls below 70 percent of that 
secreted in the milk {769, p. 417; 819, p. 494)- The fat requirement for 
maximum milk production may therefore be said to be about equal 
to 70 percent of the fat secreted in the milk. Cows fed according to 
the procedure previously outlined and giving from 6,000 to 
12,000 pounds of milk annually would receive in their food only 70 to 
90 percent of the fat secreted in the milk, in spite of the fact that they 
were fed liberal quantities of a grain mixture containing 30 percent of 
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oil meal in which the fat had not been extracted by solvents. As oil 
meal ot this character contains more fat than corn or the cereal grains 
aim much more fat than hay or than oil meal from which the fat has 
been extracted by solvents, it is difficidt to see how cows on drv bam 
rations could be supplied with sufficient fat without feeding liberal 
quantities of the old-process oil meals. The high fat content of these 
feeds, in addition to their high protein and high phosphorus contents, 
IS probably an additional factor in making them almost indispensable 
foods for the maintenance of high levels of milk yield in good dairy 
cows. 

No bad effects on the health of cows have been observed as the 
result of feeding rations too low in fat to support maximum milk 
yield. The only effect of such feeding that has been so far observed 
IS a reduction in the yield of milk, and it is interesting that this occurs 
without any accompanying reduction in the percentage of fat. The 
situation is in marked contrast to the effects of low protein feeding, 
which may greatly reduce the percentage of fat in the milk as well as 
the total yield. 

THE VITAMIN A REQUIREMENT 


Before discussing the vitarnin A requirement of cattle, it will be 
worth while to give a very brief outline of what is known at present 
regarding the chemistrj^ of this vitamin (see also the article on 
Vitamm Needs of Man, p. 221). Vitamin A has been identified in 
animals, particularly in their liver oils, as a definite colorless chemical 
compound of which the formula is known. This compound itself is 
not found in plants, but many plants contain yellow pigments called 
carotenes, the chemical formulas of which are closely related to that 
of the colorless form of vitamin A found in animals. Animals fed 
carotene can easily convert it in their bodies into vitamin A. Because 
of this conversion of the carotene of plants into true vitamin A, it 
will sometimes be convenient in the following discussion to speak of 
the carotene content of plants as their vitamin A content. 

Plants contain a number of different chemical modifications of 
carotene. Of these, /3-carotene has the highest vitamin A activity. 
In addition, plants contain other yellow pigments closely related 
chemically’ to carotene but without vitamin A activity. Finally, 
plants that have been converted into hay by drying or have been 
ensiled contain degeneration products of carotene which have little 
or no vitamin A activity. 

Carotene is usually’ determined in plant niaterials by the Will- 
statter and Stoll procedure or some modification of it. The figures 
given below were obtained by a modification of this piocedurc. 
Thev can be taken as representing within 10 percent the carotetie 
content and vitamin A activity of fresh growing grass and alfalfa and 
of carrots, but in the case of hay^s and silage the carotene content and 
vitamin A activity is 18 to 40 percent less than is represented by these 
figures, the largest discrepancies being found in the low-grade hays. 

Fresh growing pasture grass and alfalfa contain 300 to 600 parts 
per million of carotene on a dry'-matter basis; yellow garden carrots, 
about 1,000 p. p. m.; U. S. No. 1 alfalfa hay, 40; V. S. No. 1 clover 


'« The carotene content ot carrots is closely correlated with their yellow colw. White held carrots con- 
tain only a small fraction of the quantity characteristic of yellow garden carrots. 
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hay light timothy mixed, 18; U. S. No. 1 timothy hay, 20; U. S. No. 3 
alfalfa hay, 4; U. S. No. 3 timothy hay, 5; and com silage, 39 p. p. m. 
Yellow corn contains 5 p. p. m. of carotene on a dry-matter basis 
according to the Willstatter and Stoll procedure, but more than 
three-fourths of this is cryptoxanthin and other pigments that have 
only half as much vitamin A activity as ^-carotene. Grains and 
concentrates other than yellow corn have practically no carotene or 
vitamin A activity, so far as is known at present. From these figures 
it is evident that most cows are highly^ dependent on haj and silage 
of good quality and on pasture for their supply of '\ntaniin A. ^ 

All oi these figures are subject to great variation in individual 
samples, particularly in the case of silage and the hays. The averages 
for these feeds are based on 10 to 40 separate analyses for each. 
They give as good an idea of the situation as can be obtained at present 
but will no doubt be more or less modified as more determinations are 
made. 

The experiments so far carried out indicate that dairy cows will 
receive about the minimum carotene required for successful repro¬ 
duction when the dry matter of their rations contains 10 p. p. m. of 
carotene. Approximately this quantity is supplied when the rations 
consist of equal parts of grain and hay, if the hay is U. S. No. 1 clover 
or U. S. No. 1 timothy. 

Animals fed on rations rich in vitamin A can store this vitamin in 
their bodies and thus remain in good health through a subsequent 
period when the supply is deficient. Good pasture is rich in vitamin 
A, and it is a question of practical importance how far a summer on 
good pasture wpl protect dairy cows against the effects of living on 
hay of low quality through the Avinter. 

Experiments carried out to throw light on this subject have shown 
that good pasture through the summer does protect cows against the 
effects of moderate vitamin A deficiencies in the winter. If, for 
instance, cows are fed on grain combined with timothy hay containing 
about 12 p. p. m. of carotene as the sole roughage for a year, there 
are likely to be a good many premature calvings after the first 5 
months. The same kind of hay fed for 6 months after a summer on 
good pasture does not cause premature calvings. But if cows are 
fed on good pasture through the summer and then on U. S. No. 3 
timothy hay, which contains only 5 p. p. m. of carotene as the sole 
roughage, they are likely to begin calving prematurely after 5 months 
on the poor hay. 

The carotene and vitamin A content of milk fat is highly dependent 
on the quantity of carotene contained in the cow’s food. A ration 
containing 10 to 20 p. p. m. of carotene will supply enough of this 
pigment to keep cows reproducing normally, but it is far from sufl&cient 
to keep the carotene and vitamin A content of the milk fat at its 
maximum. Even when the best hay is fed, the vitamin A potency 
of the milk fat still remains far below the figure to which it can be 
raised by turning cows out on good pasture. 

Just how much vitamin A muk fat should contain in order to supply 
the requirement of human beings is a complicated question that is 
still a long way from being solved. But it seems likely that milk 
that is to be fed to infants should contain more vitamin A than is 
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supplied by the rations of mediocre hay frequently fed to dair\- cows 
through the winter. 

\ itaniin A deficiencies are likely to occur where the quality of the 
hay crop is poor as a result of unfortunate conditions during curing 
or where legume hay is not available, or where the roughage fed is 
reduced in amount on account of the cheapness of such concentrate 
byproducts as cottonseed meal. In the case of cattle on range or 
pasture, very serious vitamin A deficiency may be caused by long- 
continued drought. 

Mature cows suffering from vitamin A deficiency show the condition 
first by premature calving or by the throwing of weak or dead calves. 
This abnormality in reproduction is likely to appear in 5 months if the 
roughage of the ration consists entirely of either U. S. No. 3 alfalfa 
or U. S. No. 3 timothy hay. After 2 or 3 years on such rations, the 
cows are likely to fail to conceive though bred many times, and finally 
to die of some severe infection of either the lungs, the intestinal tract, 
or the udder. 

Calves less than 6 months old are likely to show the effects of vita¬ 
min A deficiency by marked retardation in growth, and finally by 
death from calf pneumonia. Blindness and infections of the eyes also 
are not infrequent symptoms. 

The effects of vitamin A deficiencies in farm foods can be warded off 
by feeding certain concentrated sources of the vitamin, such as voung 
growing grass or legumes, yellow garden carrots, cod-liver oil, and 
alfalfa-leaf meal of high quality. Young growing grass is the best and 
safest source and should be used wherever possible. Under drought 
conditions, of course, such material is not available, and it will some¬ 
times be worth while to import cod-liver oil or alfalfa-leaf meal. 
Cod-liver oil must be used with some caution. To many animals, 
such as sheep, goats, rabbits, and guinea pigs, it is poisonous. Cattle 
resist its poisonous properties except when it is fed in large doses, but 
it has, in their case, the peculiar effect of reducing the quantity of fat 
in the milk. It should be bought under a guarantee as to its vitamin 
A content and should not be given to adult cows in doses of more than 
2 ounces daily, or to calves in doses of more than 1 ounce. Alfalfa- 
leaf meal readily loses its vitamin A potency. It should be bought 
under a guarantee in regard to this potency, and should not be kept 
more than a few months. 

Supplementing poor roughage with concentrated sources of vitamin 
A should be regarded as a temporary expedient to tide over an emer¬ 
gency; it cannot, for the present, be recommended as a permanent 
practice. One reason for this is that poor roughage is likely to be 
deficient in dietary essentials other than vitamin A, and the effects 
of these other deficiencies would appear if the animals were fed 
long enough on the poor roughage with the vitamin A supplements. 
Again and again, in nutritional experiments, supplementing deficient 
rations with vitamin concentrates has_ warded off nutritional disasters 
only for a time. It will be worth while, in this connection, to give a 
brief account of how far experiments on the particular subject under 
consideration have been carried. p i i-x 

Heifers can be reared successfully without any hay of good quality 
up to the age of first calving (fig. 2) by the following procedure: 
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For the first 3 days after birth they are given the colostrum from their 
dams, which is necessary to provide them with the requisite resistance 
to early infections. From 3 days to 3 weeks of age they are fed on 
skim milk supplemented with three-quarters of an ounce of cod-liver 
oil daily. The skim-milk feeding is continued up to the age of 6 
months, but from the age of 3 weeks they are given gradually increasing 
quantities of grain and U. S. No. 3 timothy hay up to the time of 
fost calving. The feeding of three-quarters of an ounce of cod-liver 
oil daily is continued through the first year, after which the dose 
m^ be increased to IK ounces until the time of first calving. 

The effects of adding cod-liver oil to the rations of milking cows on 
poor roughage in quantities fully sufficient to supply their vitamin A 



requirement have not been studied on account of the fact that cod- 
liver oil reduces the percentage of fat in the milk. Milking cows 
have, however, been kept on rations of grain, U. S. No. 3 timothy 
hay, and three-quarters of an oimce of cod-liver oil daily, which was 
sufficient to raise considerably the vitamin A content of the ration. 
They have also been kept on the same basal ration with a supplement 
of 20 pounds of yellow garden carrots daily while they were milking 
and 5 pounds daily while they were dry. This was more than sufficient 
to supply the vitamin A requirement. 

Dunng the period of these experiments the herd was more than 
usually subject to various accidental circumstances which have some¬ 
what clouded the results. It has been clear that the results with both 
of these supplements have been much better than with the basal 
rations alone, though they were not so good as when legume hay of 
good quality formed a considerable part of the ration. With the 
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cod-liver oil supplement there have been slightlv less than 80 percent 
of normal calvings, and with the carrot supplement slightlv less than 
50 percent. Because of the small number of animals involved, how- 
ever, and the accidental circumstances referred to, these figures should 
be regarded as subject to correction. With both rations there have 
been some normal calvings after the cows had been on them for about 
4 jrears. No large milk yields have so far been obtained on either 
ration. 

THE CALCIUM AND PHOSPHORUS REQUIREMENTS 

Calcium 

The calcium requirement of mammals is closely connected with the 
phosphorus requirement, as the two elements are stored together, in 
nearly fixed proportions in the bones, anil secreted together m nearly 
fixed proportions in the milk. If either element is deficient in the 
ration, both bone building and milk secretion are hindered. 

It is an old observation that cattle on range are likely to show 
softening of the bones and frequent fractures in periods of drought, and 
it seemed natural to attribute this to a deficiency of calcium in the 
range material. With the passage of time, however, it has become 
clear that such changes in the bones are more likely to be due to 
phosphorus deficiency. The evidence as it stands at present indicates 
that dairy cows can remain in normal condition with much smaller 
quantities of calcium in their food than was formerly supposed. 

Experiments have shown (769, p. 381) that dairy cows may reproduce 
normally for 3 years on a ration the diy matter of which contained 
only 0.18 percent of calcium, and then for 2 years more during whicli 
the*calcium was still further reduced, to 0.12 percent. There was some 
loss of calcium from the bones under these conditions, and these 
rations must therefore be regarded as sup})lying less calcium than was 
desirable. A consideration of other experimental work indicates that 
dairy cows giving liberal quantities of milk should receive rations 
in which the calcium amounts to at least 0.25 percent of the dry 
matter. 

The quantities of calcium contained in several farm feeds are given 
by Morrison (Sf 5) and from these figures it can be seen that the minimum 
c^cium requirement would be supplied by feeds quite low in calcium. 
Timothy hay, for instance, has an average calcium content of 0.27 
percent—lower than that of most other roughages. A grain inixture 
made up of 4 parts corn meal, 3 parts w'heat bran, and 3 parts Unseed- 
oil meal would contain 0.14 percent of calcium. Cows receiving a 
ration of 12 pounds of such a grain mixture and 12 pounds of timothy 
hay with the average calcium content would receive calcium equal 
to about 0.20 percent of the dry matter of the whole ration. This is 
more than was found necessary to keep reproduction normal over a 
period of 5 years and not very' much less thaii the 0.25 percent recom¬ 
mended as a minimum figure Jor cows giving liberal quantities of milk. 
If 3 pounds of alfalfa hay with the average calcium content 
added to the above-described ration, the calcium content of the 
ration would be raised to 0.34 percent, higher than any Oi the figures 
suggested bv Mavnard as the calcium content of the ration required bj( 
dairy cows (769,'p. 434). The evddence at present at hand, therefore, 
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indicates that dairy cows are not likely to suffer from calcium defi¬ 
ciencies except under rather unusual conditions. 

There is definite evidence for the view that when the calcium con¬ 
tent of the ration is less than 0.25 percent of the dry matter, dairy 
cows are likely to suffer some loss of bone material; but apparently 
such loss may occur to some extent without bringing about any 
abnormality in reproduction. 

Becker and his collaborators {84) have reported that rations low in 
calcium have caused fragility of the bones and reduction in the milk 
yield of dairy cows, and that these symptoms have been corrected by 
the addition of bonemeal. The calcium content of the basal barn 
rations was only about 0.18 percent of the dry matter. No figures 
are given for the calcium content of the pasture consumed by the cows. 

Phosphorus 

Phosphorus deficiency is a more common cause of trouble with 
cattle than calcium deficiency, because the soil in certain parts of the 
world is deficient in phosphorus, and roughage grown on such soil is 
also deficient in it. Cattle in these regions suffer from phosphorus 
deficiency when they are fed exclusively on home-grown roughage or 
when they are fed on such roughage combined with concentrates low 
in phosphorus, such as com meal. 

Phosphorus-deficient regions have been observed in the United 
States in certain sections of California, Colorado, Florida, Minnesota, 
Montana, Nevada, New Mexico, North Dakota, South Dakota, 
Utah, and Wisconsin. A map showing more precisely the areas of 
phosphorus deficiency is given in another part of this Yearbook 
(p. 1029). 

Recent work indicates that the rations of dairy cattle should 
contain phosphorus to the extent of 0.25 to 0.30 percent of the dry 
matter {769, p. 464)- The average phosphorus content of many rough- 
ages falls below 0.25 percent {819), and it is easy to see how dairy cattle 
fed exclusively on roughage might suffer from phosphorus deficiency 
if the roughage contained this mineral in unusually low quantity. 
The feeding of concentrates, however, would greatly decrease the 
danger of phosphorus deficiency. Even corn meal, whiph, has an 
unusually low phosphorus content for a concentrate, contains 0.28 
percent, and wheat bran and the oil meals contain 0.75 percent or 
more of tliis mineral {819). 

The effects of phosphorus deficiency on dairy cattle have been much 
studied in the phosphorus-deficient areas of the world. They consist 
of loss of appetite, often combined with an abnormal craving for 
unusual foods. The fertility of the cows is much reduced, owing to 
their failure to become pregnant when bred, and their milk yield is 
also reduced. In severe cases the mineral matter of the bones is 
depleted and fractures occur frequently. In less severe cases, the 
phosphorus content of the blood is reduced, and this may be used as a 
diagnostic sign of the condition {769, pp. 461-462). 

j£nimals on phosphorus-deficient rations are often greatly benefited 
by the addition of bonemeal or some mineral source of phosphate to 
the food. It would be diflftcult, however, to keep good dairy cows 
near maximum milk production without giving them one or more of 
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the concentrates ricli in phospliorus. such as wheat bran or the oil 
meals. 

Organic Factors Concerned in Caicium and Phosphorus Assimilation 

It is well established that the growth of bones in young rats and 
other animals^ is aided by a group of chemical compounds which has 
been called vitamin D. These compounds mav be supplied in the 
food or may be produced in the blood and tissues of animals by the 
action of direct sunlight. As dairy cows that are producing large 
quantities of milk are likely to be losing calcium and phosphorus 
from their bodies, much attention has been given to the question 
whether these losses could be prevented or whether the storage of 
calcium and phosphorus in the cow’s body during the dry period 
could be promoted either by vitamin D or by any other organic factor 
in the food. 

There is a good deal of evidence to indicate that calcium and phos¬ 
phorus are better assimilated by dairy cows from pasture, fresh green 
plant material, and hay of good quality than they are from hay of 
poor quality, bonemeal, or inoi^anic "calcium phosphates. It has 
not been found possible up to the present time, however, to promote 
the storage of calcium and phosphorus in dry cows or to prevent the 
losses of these elenients which often occur during lactation by feeding 
any form of vitamin D (769). There is no evidence at present that 
adult cows imder practical conditions ever fail to get sufficient vitamin 
D from their rations and from sunlight, or that the feeding of con¬ 
centrated preparations of vitamin D has any favorable effect on 
their health or milk yield. 

THE IODINE REQUIREMENT 

Iodine is usually present in a wide variety of farm feeds in sufficient 
quantity to provide as much of this element as is required by dairy 
cows. There are areas, however, in the Great Lakes region and in 
the northwestern part of the United States, as well as in other parts 
of the world, where iodine is deficient in the soil and consequently 
also in the forage and grain grown in those areas, and where the 
iodine deficiency in the food causes pathological changes in farm 
animals (769). In dairy cows these changes show themselves in the 
birth of weak and dead calves with tumors in their necks. These 
are goiters, which consist of an enlargement of the thyroid gland. 

Iodine deficiencies can be corrected by adding 0.02 percent of 
potassium iodide to the salt given (769). No benefit is obtained, 
however, from feeding iodine to animals unless there is a deficiency in 
the food. As goiter in cattle is a very definite and constant .symptom 
of this deficiency, it may be assumed that the deficienc}’^ does not 
exist unless goiter appears. 

GENERAL DISCUSSION OF DIETARY DEFICIENCIES 

The requirements of dairy cows for nutritive energy, protein, fat, 
vitamin A, calcium, phosphorus, and iodine have been discussed. 
The effects of deficiencies in the first three of these essentials differ 
in an interesting way from those of the last four. When cattle are 
fed moderately deficient quantities of nutritive .ene^y, protein, or 
fat they decrease in body weight or milk yield or both, but their 
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health is not damaged unless the unclerleecling is carried very far. 
Deficiencies in minerals or vitamins, on the other hand, produce the 
pathological effects which have been described. It is important for 
dairy farmers to be familiar with the effects of these various 
deficiencies, so that they may be able to attribute pathological 
conditions appearing in the herd to their true sources and take the 
proper steps for their correction. 

The deficiencies of vitamin A, calcium, phosphorus, and iodine 
are the only important vitamin and mineral deficiencies that have 
been observed to produce pathological changes in dairy cows under 
practical conditions. The possibility that deficiencies of vitamins Bi, 
C, and E might cause pathological changes has been studied, and the 
results so far have shown that it is difficult if not impossible to produce 
such changes in ruminants by feeding them rations deficient in these 
vitamins even under experimental conditions. Maynard (769) gives 
an account of experiments showing that vitamins Bi and C are not 
required in the food of cattle and also reports others indicating that 
vitamin E is not required by goats and swine. Ruminants differ 
from other mammals in being provided with a paunch in which the 
plant material eaten is kept for several hours and subjected to bac¬ 
terial activity. Experiments have indicated that bacterial action 
going on in the paunch of cattle is capable of producing some of the 
factors that make up vitamin B (769), and it seems likely that such 
bacterial action may provide cattle with other organic dietary 
essentials required by nonruminating animals directly in their food. 
Other vitamins and minerals needed by cattle are so widely dis¬ 
tributed in natural foods that the effects of their deficiency have 
not yet been detected under practical conditions. 

The procedure for the feeding and treatnient of dairy cattle given 
in this article provides more protein than is called for by any of the 
studies of protein requirement, but very little more fat than is 
required according to the recent results reported by Maynard (769). 
The protein and fat of the rations under consideration is largely 
supplied by the oil meals they contain. Oil meals that have not 
been extracted by fat solvents contain more fat than the cereal 
grains and much more than the hays. It is diflicult to see how cows 
on bam rations could be supplied with sufficient fat without including 
considerable proportions of oil meals in the concentrate mixture. 
Further, some legume hay is required in the dairy ration on accoimt 
of its superior mmeral and vitamin content, and legume hay, like the 
oil meals, is high in protein. It is difficult, therefore, to make up 
a dairy ration from the farm foods now on the market in such a man¬ 
ner that it will contain sufficient fat, mmerals, and vitamins without 
more protein than is required. The excellent results widely obtained 
with dairy rations con taming liberal quantities of oil meal and legume 
hay are sufficient evidence that a moderate excess of protein does 
no harm provided the ration contains all the other nutritive essentials 
in sufficient quantities. There b room for further experiment on 
the advisability of supplying fat in the dairy ration in some other 
form than as a constituent of the oil meals. 

The rations recommended contained about 20 p. p. m. of carotene 
instjeiid of the 10 that have been found to be the minimum required 
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for normal reproduction. They contained about 0.56 percent of 
calcium and 0.44 of phosphorus, as against the 0.25 to 0.30 percent 
of each of these elements that has been determined as the require¬ 
ment for dairjr cows. ^ here these animals are being fed for maximum 
milk production, it seems wise to feed more of these important 
dietary essentials than the quantities experimentally determined to 
be near the minimum requirement. As the cows fed and treated as 
described remained m good health and gave liberal quantities of 
milk, It may be concluded that the surplus dietary constitutents did 
no harm. 

SUBSTITUTION OF OTHER FARM FEEDS 
FOR THOSE SUGGESTED 

There is eyerj- reason to think that daily cows would do well on 
rations in which other similar farm foods were substituted for those 
that have been mentioned in this article as having been subjected to 
actual experiment. Corn meal, for instance, can be replaced satis¬ 
factorily by other grains of similar composition, such as oats and 
barley; cottonseed meal, by other oil meals; alfalfa hay by other legume 
hays; and so on indefinitely. 

A number of long-continued experiments have actually been carried 
out in which grain has been fed with single roughages other than the 
combination of alfalfa and timothy which was found to be so satis¬ 
factory. The cows were, of course, kept entirely off pasture. The 
roughages studied were U. S. No. 1 clover hay light timothy mixed, 
U. S. No. 1 timothy hay, U. S. No. 3 timothy hay, U. S. No. 3 alfalfa 
hay, and corn silage. The results with the U. S. No. 3 alfalfa and 
U. S. No. 3 timothy hay were uniformly unsatisfactory, no living 
healthy calves being obtained after these rations had been fed for as 
much as 6 months. The results with the other rations were variable 
and by no means as satisfactoiy as with the combination of U. S. 
No. 1 alfalfa and U. S. No. 1 timothy hay. The proportion of weak 
and dead calves born on these rations ranged around 50 percent. 
Investigation showed that the chief shortage in the rations under 
consideration was of carotene. The rations of U. S. No. 3 alfalfa and 
timothy hay, on which all of the calves were born dead or weak after 
a few months, contained onlv verj’ small quantities of carotene, while 
the other rations contained intermediate and variable amounts. All 
of the rations were improved by adding concentrated sources of 
vitamin A, as has already been said in the fliscussion of carotene 
requirements; and the rations containing intermediate and variable 
amounts of carotene produced no bad results when they were fed 
only in the winter and the cows were out on good pasture through the 
summer. Good pasture, containing some legumes and some grass, 
may be regarded as insurance against all sorts of vitamin and mineral 
deficiencies, and farmers who can provide their cows with such pasture 
for 5 or 6 months in the summer need have much less anxietv about 
incurring pathological effects by feeding hay that is not of the veiy^ 
best quality through the winter. But it should not be forgotten that 
the vitamin A potency of the milk and butter will be mucii reduced 
in a month or so on mediocre hav even after the cows have been on 
the very best of pasture previouslj’. 
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SOME UNFORTUNATE RESULTS OF THE DISCOVERY 
OF DIETARY DEFICIENCIES 

Whenever it has been discovered that some pathological condition 
is due to a dietary deficiency, some organizations and individuals 
have tried to make as much money out of the new discovery as pos¬ 
sible. The course taken by these groups has always been about the 
same, and may be illustrated by events that have taken place in con¬ 
nection with the discovery of calcium and phosphorus deficiencies. In 
the first place it is represented that the deficiency is much more wide¬ 
spread than it really is. In the case of calcium and phosphorus, for 
instance, the situation really is that these deficiencies occur only 
under certain not veiy common conditions of feeding and in certain 
restricted areas of the world. The pathological results of the defi¬ 
ciencies are also specific and not difficult to recognize. By certain 
groups who wish to sell mineral mixtures, however, it is represented 
that farm animals everywhere suffer from calcium and phosphorus 
deficiencies—indeed, that most of the ills from which they suffer are 
due to such deficiencies. To cure these numerous ills it is represented 
that the mineral mixture put out by such and such a firm is especially 
potent. As a matter of fact, the tests that have been made with such 
preparations are usually very scanty and inadequate. In particular. 
It has turned out that calcium and phosphorus mixtures have fre¬ 
quently been made from rock phosphate, which is a cheap source of 
calcium phosphate. Rock phosphate usually contains fluorine, an 
element that is poisonous in the quantities in which it is contained in 
the rock phosphate. It takes some weeks or months, however, for its 
poisonous effects to make themselves manifest, and certain rock- 
phosphate preparations put on the market as supplements for cattle 
feeds have had disastrous effects on the health of cattle when fed for 
any length of time. 

This IS not the only known example of poisonous preparations being 
put on the market and widely advertised as beneficial supplements to 
feeds. Soon after the importance of vitamin A in the rations of dairy 
cattle was discovered, it was widely advertised that cod-liver oil or 
some preparation made therefrom should be added generally to the 
rations of farm animals. But it has been known for some time that 
cod-liver oil reduces the fat in the milk of dairy cows, and it has more 
recently become clear that, although cattle tolerate this drug fairly 
well, other animals such as sheep, goats, rabbits, and guinea pigs are 
readily poisoned by quite small doses of it. 

It should be emphasized, therefore, that when animals are fed on the 
proper natural rations, mineral and vitamin supplements are unneces¬ 
sary, and that it is not safe to assume that such preparations are harm¬ 
less. The price the farmer gets for his products ought to be adjusted 
to make the feeding of good natural rations economically possible, for 
it is far too early to say yet whether any of the manufactured mineral 
and vitamin products can be used successfully as supplements to 
inferior natural foods over long periods. Experience has shown that 
they can used to tide over certain emergencies, but even when they 
are used- for this purpose they should be subjected to the supervision 
of the experiment stations. 
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ESSENTIALS OF DAIRY CATTLE FEEDING 

Before cattle were domesticated, they subsisted on roughage and 
were able to get from this kind of food sufficient nutritive energy and 
nutritive essentials of all kinds to keep themselves in a state of fer¬ 
tility and to enable them to supply enough milk for the nourishment of 
their calves. As the milking function became exaggerated under 
domestication, it was found adv’antageous to feed more concentrated 
food in the form of grain. Still more recently, manufactured high- 
protein concentrates have been introduced into the dairy ration, and 
milk yields have risen to the astonishing point where some cows can 
furnish enough milk in a year to nourish half a dozen calves or more. 
The experiments that have been considered in this article show that the 
modem high-producing cow can be largely nourished on grain and 
high-protein concentrates and kept in good health and at a liigh level 
of milk production and fertility through the normal period of her life, 
provided she receives, in addition to the concentrates, liberal quantities 
of roughage of the })roper kind and of good quality. One generation 
of cows can be maintained on concentrates and dried roughage of good 
quality without any fresh green feed and without the free choice of 
foods which is provided when cows are turned out on pasture. But 
when a herd of cows is maintained on barn feeding with dried feeds 
only, the second generation is likely to show reduced fertility. 
The evidence at present at hand indicates that this can be avoided if 
the herd is turned out for a few mouths on good pasture every summer. 
Pasture not only tends to keep up the fertility of the herd, but also 
provides the cows with a surplus of various known and unknown 
nutritive essentials that can be stored in their bodies and thus insure 
them against such deficiencies as might occur from the fee<iing of 
roughage not of the highest quality through the winter. 

It is undoubtedly the best and safest procedure, under present con¬ 
ditions of knowledge, to provide the necessary minerals ai\d vitamins 
as a part of such well-tried concentrates and roughages as those which 
have been suggested. If farmei’s desire to economize by feeding 
unbalanced concentrate mixtures and roughages of inferior quality, 
making up for deficiencies in such rations by feeding vitamin and 
mineral preparations, they should realize that they are entering the 
experimental field. They are departmg from rations shown to be 
satisfactory by long years of practical experience, and are initiating 
practices that may turn out to be successful, but are much more likely 
to result after several years in some obscure pathological condition of 
dietary origin, which it may take years of careful experimentation to 
trace to its source. 



FIGURING THE RATIONS OF 
DAIRY COWS 


by T. E. Woodward ’ 


I Hi5 article contains material that supplements the preceding' article 
on The Feeding of Dairy Cows for Intensive Milk Production in Practice. 
Primarily, the author is concerned with figuring the varying quantities 
of grain mixture that should be used to supplement roughage, including 
pasture. He considers this problem in relation to the breed of the cow, 
the season of the ) car, and the region in which the producer lives. 


GRAIN MIXTURES 

The quantity of protein needed in the grain ration of dairy cattle 
depends on the quantity supplied by the forage crops fed. As it is 
impracticable to attempt to feed each cow only as much protein as 
it actually requires, the aim should be to use a grain mixture of such 
composition that the cows with the highest requirement will be getting 
enough protein even though this will mean that some of the cows with 
lower ret^uirements are getting an excess. There are hundreds of 
combinations of grains that can be used, and a great many are being 
used successfully. Grain mixtures made up of a few standard feeds 
and adapted for feeding with roughages of different kinds are shown 
in table 1. Other feeds may be substituted wholly or in part for the 
feeds specified in the table. It is assumed that the forages to be fed 
will be at least of average quality, that silage when used will be fed 
at the rate of about 3 pounds per 100 pounds of body weight of the 
animal, and that at least 1^ pounds of hay per 100 pounds of body 
weight will be eaten in addition to the silage. 

Part or all of the com in the mixtures in table 1 may be replaced by 
barley, wheat, kafir, or hominy feed. Part of the oats may be re¬ 
placed by barley, wheat, kafir, hominy feed, or corn. Two parts of 
gluten feed or dried brewers’ grain may replace 1 part of oats and 1 

E art of cottonseed meal. Linseed meal, peanut meal, ground soy- 
eans, soybean meal, or fish meal may be substituted for part or all 
of the co^nseed meal. High-grade tankage may be substituted for 
- 

1T. E. Woodward is Senior Dairy Husbandman, Division of Breeding, Feeding, and Management, 
Bureau of Dairy Industry. 
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cottonseed meal at the rate of 2 pounds of tankage for each 3 pounds 
of cottonseed meal. Until further investigations are conducted it is 
suggested that the quantity of lish meal should not exceed 10 percent 
of the grain mixture and that the quantity of tankage should not 
exceed 20 percent. 


Tvbt.e 1. Grain mixtures having different protein contents to be fed 
with different roughages 



1 

Approxi- 1 
mate total i 

Grain mixture 

Roughage 

protein con¬ 
tent desired 
in grain 
mixture 

Ground 

corn 

G roll ml 
oats 

Wheat 

bran 

Cotton¬ 
seed meal 

Legume hay i alone... . 

Legume hay and silage, or mixed hay a 

• alone..... 

Mixed hay ^ and silage.. . 

Grass hay and silage or either alone_ 

1 Percent 

12 

i 1<^ 

1 20 

1 

I Pounds 

1 

1 .m 

200 
100 

Pounds 

200 

200 

200 

•200 

Pounds 

200 

•2lKI 

200 

200 

Pounds 

100 

•200 

300 

t 


‘ If clover, add 100 pounds of cottonseed meal to the errain mixture. 
2 One-half grass and one-half legume. 


On the basis of the energy value of the feeds, good hay is wortli 
about 60 percent as much as the usual grain mixture, and silage is 
worth about one-third as much as good hay. If it should happen, 
therefore, that hay and silage cost more per unit of nutritive value 
than grains, it will pay to reduce the roughage allowance in the ration 
and to increase the grain; but in no case should the roughage be re¬ 
duced to a point at which mineral or vitamin deliciencies may be 
encountered. Usually it will be inadvisable to reduce the roughage 
below an amount that will supply enough total digestible nutrients for 
maintenance. This will be about IH pounds of hay or hay equivalent 
(1 pound of hay is equal to 3 pounds of silage) per 100 pounds of body 
weight of the animal. Every reduction of 1 pound in the hay or hay 
equivalent fed will mean an addition of 0.6 pound of grain in order to 
provide a similar quantity of nutrients. 

The quantity of feed required over and above that needed for 
maintenance is directly proportional both to the quantity of niilk 
produced and to the energy value of the milk. The nutrients required 
vary with the percentage of fat in the milk, but not proportionally so. 

One pound of a good grain mixture will have about 0.75 pound of 
digestible nutrients. After mahitenance requirements are met, the 
amounts of grain needed for each pound of average milk produced by 
the different dairy breeds are shown in table 2. 

Table 2 .—Amounts of grain needed for each pound of average milk produced by different 
breeds and digestible nutrients represented 


.... " ■■ 

Bree<l 

! ' 

Grain 

mixture 

1 

Digestible 

nutrients 


Pound 

0.41 

Pound 

0.307 

A vraViirA anH Ttrnwn AwIqq - -- - 

46 

.340 

AJrlOliUC MJvl JJlUWll OW12W5* ^ — -- - 

.52 

.391 


.56 

. 419 
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SUMMER FEEDING 

Good pasture provides the best feed there is for dairy cows, and 
besides is usually cheaper than harvested crops. Good pasture 
herbage contains all the factors required for perfect nutrition. If 
cows are permitted to graze such herbage, any “nutritive elements 
that may have become depleted through the feeding of poor-quality 
roughage during the winter will be automatically restored in their 
bodies. Pasturage has always been and still is a lifesaver for dairy cattle. 

Good pasturage is young, tender, abundant, and grown upon soils 
that are not seriously lacking in any of the essential mineral elements. 
Such pasturage is inadequate for dairy cows in only one respect. 
Cows will graze about 150 pounds a day, w'hich means a dry-matter 
intake of 30 or more pounds. Tf no allowance is made for the energy 
used in grazing, this is enough above maintenance to support a' pro¬ 
duction of 30 to 45 pounds of milk, depending on the richness of the 
milk, or nearly IK pounds of butterfat a day. However, there is no 
justification for disregarding the energy used in grazing. There is 
some evidence that cow's over an entire pasture season actually use 
for productive purposes- maintenance and milk-- only about 75 per¬ 
cent of the nutrients produced by the pasture. How' much of the 
25-percent discrepancy is due to trampling and soiling and how much 
is due to the energy used in grazing has not been determined. Per¬ 
haps over most of the country good pasturage should not be depended 
on to provide the nutrients for the production of more than 1 or 1% 
pounds of butterfat a day. Pasturage, therefore, w'hen used as the 
sole ration, is not a sufficiently concentrated feed to support a heavy 
production of milk. 

Only in certain favored sections of the United States do pastures 
remain good throughout the wffiole season. As a rule, they are at 
their best for not more than a month or so. after which their value 
declines rapidly. Milk-production surveys show that the milk yields 
increase markedly at the tiine the pasturage is at its best, but they 
also show that the declines in production thereafter are quite rapid. 
This indicates that good pasturage is unexcelled for the production 
of milk, but it also indicates that dairymen depend too much upon 
their pastures. Either supplementary pasturage must be provided 
for use after the flush season, or more grain, hay, or silage must be 
fed. Since it is impossible to tell by looking at a pasture how much 
grass cows will graze from it, an estimation of the supplementary 
feed required cannot be made in that way. It is therefore suggested 
that cows be allowed all the good hay they wall eat throughout the 
pasture season. When the grass is good they will eat very little 
hay, but as it becomes poorer they will eat more and in this way auto¬ 
matically tend to make up for w'hat the pasture lacks. Silage can be 
fed to replace part or all of the hay if the quantity of feed needed is 
sufficient to permit the silage to be fed fast enough to prevent its 
spoiling. 

In localities where it pays to feed grain in w'inter, it usually pays 
also in summer. With the exception of the last 2 years, when GoV- 
emment purchases have kept the price of butter almost constant 
throughout the summer, milk prices have ranged considerably lower 
in summer than in winter. Even then, it has as a rule paid to feed 
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grain m addition to pasture to cows producing at a fairly heavy rate. 
Even if tlie^ inai^in between the price of milk and grain is a narrow 
one, there is also the condition of the cows to consider. Without 
grain good cows lose flesh to such a degree that production is depressed 
later in summer when milk prices improve and below the natural level 
for the cow later in lactation a level that otherwise could be sustained 
on forage. In addition to pasture and hay or silage, grain may be 
fed for all production over 1 to 1% pounds of butterfat a day while 
the grass is at its best. The grain may be increased if the pasturage 
for any reason becomes poorer. As long as the pasturage remains 
reasonably good, it should not be necessary to provide grain for any 
production below two-thirds of a pound of butterfat a day. 

An example will show how this method is applied. A Jersey cow 
on a fairly good pasture is producing 30 pounds of milk testing 5 
percent. Thirteen pounds of this milk (0.65 pound of butterfat) 
will be supported by the pasturage and hay, leaving 17 pounds that 
must be supported by grain. Seventeen times 0.56, the quantity 
of grain required for 1 pound of Jersey milk, equals 9.5 pounds of 
grain—the quantity to be fed daily in additon to pasturage and hay. 

It should bo emphasized that ordinarily the greatest declines in 
milk production take place as soon as the (juality of the pasturage 
begins to decline—in July in the Northern States and in June in 
the States a little farther south. It should also be emphasized that the 
effects of loss of milk and flesh at this season are cariied over into 
the late summer and fall. Itseems that midsummer is the time when the 
greatest improvement in the feeding of cows can be made. 

WINTER FEEDING 

The aim in winter feeding should be to get the milking cows to eat 
as much of the forages as possible and to feed only as imuJi concen¬ 
trates as are required to bring the total nutrients up to the required 
level. Investigations have shown that cows in the West fed e.xolusively 
on good alfalfa hay produce at least 1 pound of butterfat a day— 
provided, of course, that they are inherently capable of producing this 
quantity. Alfalfa is usually cheap in these regions of the West, and 
grain may be relatively expensive. These facts, combined with a low 
price for the product, may make the feeding of roughage as the sole 
ration the most economical practice. Investigations have shown also 
that the addition of grain to the ration improves production. If the 
price of the grain is low enough or the value of the product is lugh 
enough, it may be economical to feed some grain even in those regions 
where good alfalfa hay is cheap. 

Generally speaking, the quality of hay produced farther east, say in 
the Central States, is not so good because of the less favorable hay¬ 
curing weather. For this reason, and also because much of the hay is 
made from grasses or mixtures of grasses aaid legumes, rations of hay 
alone or of hay and silage will not be eaten in as large quantities as the 
good alfalfa hay produced farther west and cannot be depended on to 
support a production of as much as 1 pound of butterfat a day. Fur¬ 
thermore, the price of grain is likely to be lower in relation to the price 
of roughage. Fraser (392) * estimates that cows should have gram 

2 Italic numbers In parentheses refer to Literature Cited, p. 1076. 
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for all production over and above two-thirds of a pound of butterfat 
a day. This quantity of butterfat would be contained in about 20 
pounds of milk from Holsteins, 16 pounds from Ayrshires and Brown 
Swiss, 14 pounds from Guernseys, and 12 pounds from Jerseys. 

In the East the hay may be even poorer and»the value of milk 
products higher on the average. A more satisfactory rule in this 
region is to base the grain feeding on the assumption that roughage 
alone will support a production of only one-half pound of butterfat a 
day and that for all production exceeding that amount grain should 
be fed. This means feeding grain for all production above the follow¬ 
ing quantities (pounds) of milk; Holsteins, 15; Ayrshires and Brown 
Swiss, 12; Guernseys, 10; andJerseys, 9. 

As an e.xample of how this method would be applied in the East, 
let us assume that a Holstein cow is being fed all she will eat of average 
hay or of hay and silage and is producing 40 pounds of milk a day. 
Fifteen pounds of the milk will be supported by the forage, leaving 25 
pounds to be supported by the grain. Twenty-five times 0.41, the 
quantity of grain required for 1 pound of Holstein milk, equals 10 
pounds of grain—the amount to be fed daily in addition to the hay 
or hay and silage. 

This method of feeding cows in the different regions contemplates 
providing them with all the avernge-to-good hay or hay and silage 
produced in the region that they will eat without undue waste. It is 
realized that certain modifications of this rule should be made if the 
price relationships between the feeds themselves and between the 
feeds and the product change materially. It is also realized that the 
protein content of the roughage may be so low as to require some high- 
protein grain even at the lower levels of milk production. The figures 
are offered only as a general guide. In practice, analyses of feeds 
usually are not used, and the exact quantities fed are not known. The 
distribution of the feed to the individual cows can never be done satis¬ 
factorily and economically solely on the basis of milk yields and feeding 
standards. The feeder should observe the condition of the cows as 
regards flesh. Thin cows should have more and fat cows less than the 
rule provides. The more extensive use of the artificial drier for hay 
and. what appears to be more important, the making of hay crops into 
good silage, offer possibilities of improving the roughage of the East 
to a point where it will compare favorably with that of the West. If 
that should happen, the quantity of grain fed could be reduced without 
reducing the quantity of milk produced. 

The methods of feeding described are admittedly somewhat crude, 
yet they probably represent a considerable advance over present 
common practices. As dairying becomes more intensive and culti¬ 
vated crops and fertilized pastures, as well as more valuable hay crops, 
have to be husbanded carefully to make dairy farming pay, the farmer 
will no doubt adopt more scientific methods of feeding than the one 
just described, and an effort will be made to have each cow fed more 
nearly according to her individual nutritive requirements. Until the 
practice of frequent weighing of the roughage is combined with the 
weighing and testing of the milk, the quantity of grain needed to 
complete the ration must continue to be somewhat a matter of 
guesswork. 



PRACTICAL FEEDING AND 
NUTRITIONAL REQUIREMENTS OF 
YOUNG DAIRY STOCK 


by Joseph B. Shepherd and H. T. Converse > 


SOME 5,000,000 to 5.500.000 ln'ifer calves are being saved in the 
United States each year to keep our dairy herds going. The total iinmher 
of heifers under 2 years of age being raised for this purpose is about 
10.000,000. The heifers of toda) are the milkers of tomorrow, and good 
management begins with this young stock. Here are detailed directions 
for the feeding of young dairy animals from birth ihrough first calving, 
followed by a discussion of the theory of nutritional requirements for 
their growth and health. 


Twenty-five mii.lion cows 2 years old or older are kept for milk pro¬ 
duction in the United States.- The average dairy cow remains in the 
milking herd only about o years. To replace these cows, between 
.5,000,000 aiul 5,500,000 dairy heifers under ] year of age and approxi¬ 
mately 5,000,000 dairy heifers between 1 and 2 years of age are being 
raised each year.^ 

The 1920 census reported 772,320 dairy bulls of serviceable age (1 
year old or older). No separate tabulations have been made for dairy 
bulls since that time. However, the 1930 census figures show a 
gradual decline in the total number of bulls between 1920 and 1930. 
At the same time, there has been a considerable increase in the number 
of milk cows and heifers of breeding age (1 year old and older).^ It 
therefore seems probable that the present number of daii-y bulls of 
serviceable age may be somewhere between 700,000 and 800,000. 
Except for a few registered bulls whose daiigliters have proved to be 
high producers, most dairy sires do not remain in service more than 
2 or 3 years. On this basis, it is necessary to raise between 250,000 
a.Jid 300,000 dairy bulls to a serviceable age each year. 

In raising dairy calves for herd replacements the aim should be to 
raise only calves that will develop into healthy, high-producing stock 


* Joseph B. Shepherd Is Associate Dairy Husbandman, pivision ol Dairy 

Managenient Investigations, and H. T. Converse is Associate Dairy Husbandman, Division of Nutrition 

and Physiology, Bureau of Dairy Industry. . , „ , * am rv qq-? tt h 

* Based on estimates of the Bureau of Agricultural Economics as given in table 466, p. 337, U. 8. 
Department of Agriculture, .Agricultural Statistics, 1938. 
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that will be profitable to the fanner or dairyman. To this end, calves 
raised should be out of high-producing cows. They should be normal, 
healthy, and vigorous at birth. They should be sired by a bull of 
good conformation and breed type whose ability to sire daughters of 
good type and production has been proved, or by a son of such a 
proved sire. They should be raised under clean sanitary conditions 
that will help protect them from disease. They should be fed rations 
that contain the right kind of higb-quality nutrients in quantities suffi- 
cieirt for normal growth and development, but for economical produc¬ 
tion these nutrients should be provided ait tlie lowest possible cost. 

In this article the practical feeduig of young dairy stock will bo 
considered first. A later section, devoted to the more theoretical 
aspects of feeding, will discuss nutritional requirements for growtli 
ancl health and the e.xperimental work that has led to present under¬ 
standing of these requirements. 

PRACTICAL FEEDING 

In actual feeduig practice, it is more convenient to use age, rather 
than weight, and quantities of feed, rather than quantities of total 
digestible nutrients, as guides in feeding. At any given age, heifers 
fed the quantities of feeds that will provide the nutrients needed for 
maintenance and normal gains on a normal age-weight basis are 
less apt to be underfed than heifers fed on a weight basis without 
regard to age. A feeding guide based on age and quantities of feed 
in terms of whole milk, fresh skim milk, grain, and good hay or its 
equivalent, is presented in table 1.® Because of breed differences in 
size for age, separate feed requirements are given for growing heifers 
of each dairy breed. 

These kinds and quantities of feeds provide a normal ration con¬ 
taining moderate quantities of milk and grain and liberal quantities 
of roi^hage. The quantities of roughage at different ages are such 
as will be readily eaten in a ration of this kind if it consists of average 
good hay that has been cut fairly early and cured with the retention 
of most of the leaves and some green color. If the hay available is not 
so good as this, less hay will be eaten and more grain will be required. 
If the hay available is of the best quality and very palatable, more of 
it will be consumed, and the quantity of grain fed after the heifers 
are 9 or 10 months old can be reduced accordingly. Feed substitu¬ 
tions can be made on the basis indicated at the bottom of table 1. 

RAISING THE DAIRY CALF TO 6 MONTHS 

In the successful raising of young dairy stock the proper care of the 
calf at birth and during the first few weeks of its life is most important. 
Once past this critical period without any serious infections or diges¬ 
tive disturbances, the calf will be comparatively easy to raise and will 
grow well when fed by any one of a number of different methods. 

Care and Management of the Young CaH 

The calf should be born in a clean, properly disinfected, well-bedded 
box stall or, during warm weather, on a small well-grassed plct or 

3 Table 1 gives the quantities of feed that will provide the nutrients called for by the Oullickson-Eckles 
data (table 0, p. 627) on a normal age-weight basis calculated from the Ragsdale and Fohrman-Swett growth 
data (table 7, p. 625). 
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pasture. The box stall should be kept clean and well bedded while 
the call remains with the cow. 

To guard gainst navel infection, apply tincture of iodine to the 
calf s navel at birth or soon thereafter, and dust with boric acid pow¬ 
der. If a long cord is attached to the navel, clip it off about 2 inches 
from the body before applying iodine. Do not tie the cord, but allow 
it to drain freely to encourage shrinking and healing. 

Table \,—Feed requiremetUs for iwrnial growth of heifers from birth to 2 yf>ars in terms 

of milk, grain, and hay ^ 
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3.0 

14.7 

__ 

3.0 

17.6 


3.0 

1 : 3.9 

|2.252 

305 i 

I 434 

2,190 

305 

376 

2,415 

367 

504 

2,007 

284 

376 


; 547 

11,621 

1 

547 

1,572 


547 

2,081 


547 

1,493 


.547 

2,197 


547 

2, 052 


,547 

2,608 


547 

1,935 


547 

2, 616 


547 

2,422 

-- 

547 

2,983 


547 

2, 279 

2,252 

1.946 

16,868 

2,190 

1.946 

6. 422 

2,415 

2,008 

8.176 

2,007 

1,925 

6.083 

i i 

1,459 

3 , 4:54 : 

202 ! 

1 

1,4,59 ! 

.3.211 ' 

_ __j 

225 i 

I 

1..505 1 

1 

4,088 j 

184 

1,443 

3,042 


Birth to 6 months_ 2.252 305 1 434 2,190 305 376 2,415 367 504 2,007 m 376 

6 tol2months.!_ I 547 1,621 - 547 1,572 M7 2,081 .... H7 ,493 

12 to 18 months_ .. . . .547 2,197 .. . >'^47 2,0W - . 

18 to 24 mopths_ . 547 2,616 . . M7 2,4^ _ 547 2,983 . 347 2, 2<9 

Birth to 24 months.. _ 2,252 1,946 6,868 2,190 1,946 6,422 2,415 ^ 008^ 176 2,007 1,925 J.0g§ 

Total digestible nutrients I i , ' ! 

to 24 months....; 209 |l,459 3,4:i4 ; 202 |l,459 !.3.211 ' 225 jl..505 j4,088 | 184 1,443 3,042 

1 Calculated from Ragsdale and Fohrman-Swett growth data (table 7, p. 625) and nutrient requirenients 
for growth based on G^llckson-Eckles data (table 9, p. 627). Ayrshire “"^rjent requirei^^^ per pound of 
gain are based on Holstein-Frieslan data and Guernsey requirements are based on Jersey dam. , , 

Feed calculations are based on whole milk to 3 weeks ® 
the fourth week and average to good hay cut fairly early with tjie retention of most o^^^^ some 

green color. Average totSf digestible nutrient values used for fwds were. Whole milk 16.2 
skim milk 8 6. araln 75 0 and hay 50.0 percent. Feed substitutions can be made on .he following o^is. 
3 pounds of BUSKO (made with little or no wilting), 5H of carrots or rutabaga, 6 of turnips, 7 of mangels, 2 
oK^t&Wd» (iSing tSieatenMn), or 0.7 

IH pounds of hay, 8 of carrots or rutabagas, 9 of turnips, 10 of mangels, 3 of sweetpotatoes, or » pounus oi 
fresh skim milk are equal to 1 pound of grain. 
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A nonml calf is able to stand shortly after birth, and within a half 
hour it rnav be nursing. If the cow’s udder is soiled, there is danger 
of the calf’s being infected from this source. Wash the udder with 
warm water and soap and rub it dry at once with a clean cloth. 

Sometimes the can is so weak that it must be held up to the cow’s 
udder and helped in starting to nurse. If it does not suck at first, 
milk a small stream into its mouth. If the weak calf cannot be in¬ 
duced to suck by this method, try feeding it warm milk from its 
mother in a bottle, either with or without a nipple. 

If the cow and calf are progressing normally the calf should be taken 
from the cow within 12 to 24 hours after birth and placed in a small 
individual pen by itself where it will not be jostled or the navel in- 



Figure 1 .—Calves fastened in stanchions for individual feeding. These may be made 

of either wood or steel. 


jured before it has healed. This pen should have tight sides at least 
3K feet high. It should be light and well ventilated but free from 
drafts and not too cold. It should be thoroughly cleaned and disin¬ 
fected before the calf is placed in it, and kept well bedded with dry 
material. The pen should be equipped with a small box for grain and 
a small slatted rack for hay, as the calf should learn to eat these feeds 
before it is placed with the other calves. 

By the time the calf is 3 or 4 weeks old, its navel has healed and it 
has gained in strength and vigor. It can then be placed in a larger 
pen with other calves of the same age. This pen should be equipped 
with stanchions so that each calf can be fed individually without inter¬ 
ference from other calves (fig. 1) and a separate manger or slatted rack 
should be provided for hay so that the calves can eat hay at any time 
when not confined to their stanchions. At this age the calves should 
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also have free access to water, and there should be a well-drained lot 
or small pasture where they can be turned out for exercise and direct 
sunlight when it is not too cold or windy. 

Scrupulous cleanliness should be observed in the feeding of the 
calves. All milk and other feeds should be fresh and clean. All dis¬ 
carded feed should be removed from the feed boxes each day. After 
each feeding the pails, cans, and other utensils used in the feeding of 
milk or gruel should be thoroughly washed and scalded or steamed 
If steaming equipment is not available, the utensils should be placed 
on a drying rack in direct sunlight after they have been washed and 
scalded. 

Feeding dirty milk or milk alternately sweet and sour or warm and 
cold may bring on indigestion and scours (diarrhea). If the feeding 
is carefully supervised, milk that is uniformly cold or sour can be 
successfully fed after the calf is 2 to 3 months of age. Some calves, 
however, have a tendency to scour on such milk, and it is best to make 
a practice of feeding only fresh, sweet skim milk. In feeding skim 
milk it is best to remove most of the foam, as it may sometimes cause 
the calves to be slightly bloated immediately aftei’ feeding. 

Milk from cows infected wuth a communicable disease such as 
tuberculosis or Bang’s disease (infectious abortion), and skim milk, 
buttermilk, or whey from a creamery or cheese factory should always 
be pasteurized before being fed. This can be accomplished on the 
farm by heating to 150° F. and holding at this temperature for 30 
minutes, or by heating to 180° and cooling immediately. 

Further information on sanitation, the care and management of 
daily calves, and the treatment of common diseases and ailments 
will be found in Farmers’ Bulletin 1723, The Feeding, (^are, and 
Management of Young Dairy Stock (1037).* 

Different Methods of Feeding 

Whole milk is the best food for the newborn calf. Where skim 
milk is available, it can be substituted for whole milk when the calf 
is 2 to 4 weeks old. In the case of normal vigorous calves, skim milk 
with a vitamin A supplement can be abruptly substituted for whole 
milk at the end of the 3-day colostrum feeduig period. Wliere skim 
milk is not available, whole milk may be fed in limited quantities, 
either by hand or from a nurse cow, for 60, 90, or 120 days. If whole 
milk is too valuable for feeding in this manner, the calf may be raised 
on other milk products such as fresh buttermilk, fresh whey, dried 
skim milk, dried buttermilk, or condensed buttermilk. The dried 
products niay be fed either in liquid form with water added, or dry, 
mixed in a special gram mixture or calf meal. The calf may also be 
fed a grain mixture with or without some animal product other than 
milk. Usually calves raised on grain or a calf meal with limited quan¬ 
tities of milk will not gam as rapidly or be as thrifty durmg this 
period as calves fed milk in liberal quantities to 6 months of age. 

Beginning at about 2 weeks of age, the calf requires hay of good 
quality and a suitable grain mixture to supplement these feeds. 
Later on, it can make good use of silage and pasture. 

The choice of a milk product to feed will depend upon availability, 

* Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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quality, and cost per unit of digestible nutrients. The chemical 
composition and digestible-nutrient content of normal whole milk, 
colostrum milk, fresh skim milk, fresh buttermilk, fresh whey, dried 
skim milk, dried buttermilk, and condensed buttermilk are shown in 
table 2. The relative value of these feeds (except colostrum), based 
on the total digestible nutrients, in comparison with fresh skim milk 
priced at 20 to 60 cents per 100 pounds, is shown in table 3. 


Table 2.^ —Average composition and total digestible nutrients (4 normal whole milk, 
colostrum milk, fresh skim milk, fresh buttermilk, fresh whey^ dried skim milk, dried 
buttermilk, and condensed buttermilk ^ 


Milk product 

Total 

dry- 

matter 

Mineral 

matter 

Protein 

Sugar or 
carbohy¬ 
drates 

Fat 

Total di¬ 
gestible 
nutrients 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Normal whole milk.. 

12.8 

0.7 

3.5 

4.9 

3.7 

16.2 

Colostrum milk.... 

25.5 

1.6 

17.6 

2.7 

3.6 

27.0 

Fresh skim milk_. 

9.6 

.8 

3.7 

5.0 

. 1 

8.6 

Fresh buttermilk__ 

91.6 

.8 

3.5 

4.5 

.6 

9.1 

Fresh whey (from American cheese).. 

6.6 

.7 

.9 

5.0 

.3 1 

6 . 4 

Fresh whey (skimmed).-. 

6.6 

.7 

.9 

5.0 

.03 1 

5.4 

Dried skim milk.. 

93.8 

8.0 

34.8 

i 50.1 ' 

.9 

84. 1 

Dried buttermilk. 

92.2 

10.5 

33.8 

41.9 

5.6 

85. 5 

Condensed buttermilk. 

29.9 

3.7 

11.3 

1 1 


27.3 


' Data from Feeds and Feeding (819), except for colostrum milk, which are from Missouri Research Bul¬ 
letin 35 (m). 


T4BLE 3 .—Ratio of total digestible nutrients, and value for feed per 100 pounds of normal 
whole milk, fresh buttermilk, fresh whey, dried skim milk, dried buttermilk, and con¬ 
densed buttermilk, compareil to fresh skim milk ^ 


Milk product 

Total digest¬ 
ible nutrient.^ 
compared to 
fresh skim 
milk t 

Value per 100 pounds for feed with fresh 
skim milk priced per 100 pounds at— 

20 cents 

.30 cents 

40 cents 

.50 cents 

60 cents 


Percent 

Ratio 

Dollars 

Dollars 

Dollars 

Dollars 

Dollar 

Fresh skim milk... 

8.6 

1.00 

0.20 

0.30 

0.40 

0.50 

0.60 

Normal whole milk..J 

16.2 

1.88 

.38 

.56 

.75 

.94 

1.13 

Fresh buttermilk.... 

9.1 

1.08 

.21 

.32 

.42 

.53 

.64 

Fresh whey (from American cheese)__ 

6.4 

.71 

.14 

.21 

.28 

.36 

.43 

Fresh whey (skimmed). 

5.4 

.63 

.13 

.19 

.25 

.32 

.38 

Dried skim milk___ 

84.1 

9.78 

1.96 

2.93 

3.91 

4.89 

5.86 

Dried buttermilk. 

85. 5 

9.94 

1.99 

2.98 

3.98 

4.97 

5.96 

Condensed buttermilk. 

27.3 

3.17 

.as 

.95 

1.27 

1.59 

1.90 

! 


' Total digestible nutrients in feeds based on analyses from Foods and Feeding (819), except for colostnim 
milk, which are from Missouri Research Bulletin 35 (i94). 


Where milk or milk products are not too high in cost, it is best to 
continue feeding them until the calf is about 6 months of age. By 
this time it should be eating large enough quantities of other feeds so 
that its growth will not be retarded to any appreciable extent. 

When the cost of feeding milk or milk products is excessive, they 
may be gradually discontinued after the calf is 2 to 3 months old. 
Usually such calves will not gain so rapidly at this time as calves fed 
milk for 6 months. 

StarUnt the CaK on Whole Milk 

The proper feeding of the dairj^ calf during the first month is of the 
greatest importance. Since its d^jestive system is easily upset, it will 
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thrive better at this time if it is fed sparingly rather than too much. 
In hand feeding, precautions are necessary that are not required when 
the calf takes its food in a natural manner. 

It is essential^ that the calf get one or more good feedings of its 
mother s first milk or colostrum. Colostrum is much richer hi pro¬ 
tein, minerals, and \dtamins, particularly vitamin A (260), than nor¬ 
mal whole n^k, and it has a laxative effect, cleaning out the meconium 
(first excretion from the bowels) so that the digestive system will start 
functioning properly. Colostrum also contains immunizing sub¬ 
stances, called antibodies, which protect the young calf from com¬ 
monly present harmful bacteria until it is able to establish its own 
natural resistance against them. Without this protection the calf 
may die from mfections by bacteria that are not harmful to older 
aninials (768). This subject is discussed at greater length in the 
article The Nutrition of Very Young Animals (p. 501). 

The average strong, vigorous calf should be fed whole milk for at 
least 2 weeks; the whole milk may then be gradually replaced by 
fresh skim milk, other milk products, or special calf meals. If the 
calf is weak or is especially valuable, whole milk is usually fed for 
3 or 4 weeks before making any change. During the first week the 
calf should get fresh warm milk from its dam. After that, warm 
mixed whole milk from the herd may be used. If the calf is weak, 
it may be desirable to feed small guantities of milk three times a day 
for a week or two, after which tmee a day will he sufficient. Sti’ong 
calves will usually do about as well if feci only twice a day from the 
start. 

The quantity of whole milk to feed will depend on the size and con¬ 
dition of the calf. Too often the tendency is to feed too much milk 
at the start. As a consequence, the calf gets indigestion and scours 
and does not tlirive as well as if it had received a smaller quantity. 
A safe rule to follow is never to feed strong, vigorous calves more than 
1 pound of milk a day for each 10 pounds of live weight during the 
first 7 days. 

The following quantities of milk per day will be sufficient at the 
start for average-sized, vigorous calves of the different breeds: Jersey, 
5 pounds; Guernsey, 6 pounds; Ayrshire, 7 pounds; Holstein-Friesian 
and Brown Swiss, 8 pounds. (See table 1.) Large-sized, vigorous 
calves of these breeds may be safely fed 1 or 2 pounds more than the 
quantities indicated. Small calves and calves that are weak or sicklj 
should receive smaller quantities according to their condition. If it 
is necessary to reduce considerably the quantity of milk fed, the calf 
may not get sufficient liquid to supply its needs for water. In such 
cases, enough warm water should be added to make up for the reduc¬ 
tion in the quantity of milk. If the calf is well and there is no indica¬ 
tion of scours dunng the first week, the quantity of whole fed 
may be increased by 1 or 2 poqjids per day dunng the second week 
and by the same amount durmg the third week. No further increase 
in the total quantity of milk fed should be made while changmg from 
whole milk to fresh skim milk or other liquid-milk prqducte. 

To avoid indigestion and scours, the calves should be fed at regular 
hours, and the milk should be weighed or measured at each feeding 
and fed at a temperature of 90° to 100° F. If the milk tests more than 
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4 percent of butterfat, it should be diluted with a little warm water or 
skim milk at each feeding. Until the calf is 3 or 4 weeks old, the 
addition of K to 1 cupful of warmed limewater to the whole milk at 
each feeding may be beneficial. 

Feeding Fresh Skim Miik After Starting on Whoie Miik 

Fresh skim milk contains the protein, minerals, and carbohydrate 
of whole milk but lacks the milk fat and the fat-soluble vitamins 
A and D. Because of the high energy value of milk fat (2.25 times 
that of an equal quantity of carbohydrate) skim milk contains only 
a little more than half as much total digestible nutrients as normal 
whole milk (table 2). Wlien it is supplemented by green, leafy, sun- 
cured hay, which provides vitamins A and D, and a suitable grain 
mixture to provide additional energy, calves will grow about as well 
on fresh skim milk as on whole milk. 

If the young calf is vigorous, is digesting its feed properly, and has 
begun to eat small quantities of hay and grain, fresh skim niilk can 
be gradually substituted for whole milk when the calf is 2 weeks old. 
Otherwise the change to skim milk should be delayed until the calf is 
3 to 4 weeks old. Fresh, warm skim milk direct from the separator 
should be fed if possible. If not, it should be wariried to 100° F. before 
feeding. The change should be made gradually, substituting skim 
milk for whole milk at the rate of about 1 pound a da^. To guard 
against digestive disturbances, the total ejuantity of milk fed should 
not be increased while this change is being made. If the calf has 
scours, any further substitution of skim milk for whole milk should be 
delayed until this condition disappears. If necessary, the calf should 
be given a purgative and the quantity of milk fed should be reduced. 

After the change from whole milk to skim milk, the quantity of skim 
milk fed may be increased by 1 pound daily every week or by 2 pounds 
daily everj-^ 2 weeks until the calf is getting the maximum quantity it 
is to be fed. If skim milk is plentiful, Jersey, Guernsey, and Ayrshire 
calves should be fed from 12 to 14 pounds and Holstein and Brown 
Swiss calves from 14 to 16 pounds daily. These quantities of milk, 
with 3 pounds of grain daily and all the hay of good quality the calf 
will eat, will be sufficient for growth at about the rate shown in table 7 
(p. 625). If hay is of the best quality and very palatable, the calf will 
eat more hay and can make normal gains to 6 nionths with the above 
quantities of milk and not more than 2 pounds of grain daily. 

Where additional skim milk is available, large calves may be fed 18 
to 20 pounds or even more to advantage {1262) and may be raised on 
a minimum amount of grain or with no grain at all. The calf getting 
no grain will not be so large nor appear so thrifty at 6 months {292, 
568, 963) as the calf getting some grain. Where skim milk is scarce, 
calves may be raised on as little as 10 pounds daily {885, 993, 995). 
To obtain near normal growth to 6 months with this quantity of skim 
milk requires the feeding of at least 3 pounds of grain daily with good 
roughage, or 4 pounds dailv with roughage of ordinary quality. 

Usually the calf should be fed skim milk to at least 6 months of 
age. After the calf is 6 months old, it can grow and develop nor¬ 
mally without milk. However, if additional skim milk is available 
and especially good growth is desired, calves may be fed skim milk 
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to advantage up to 8, 10, or even 12 months of age {995)} Where 
skim milk is scarce, it may be discontinued as early as 2, 3, or 4 months 
of age {2^0) if the calf is fed roughage and all the grain it will eat up 
to 4 pounds daily between weaning time and 6 months of age. Calves 
receiving skim milk to only 50 or 60 days of age should be fed as 
outlined under limited-milk feeding (p. 608). 

Starting the Calf Without Whole Milk 

Though most authorities still recommend feeding whole milk for the 
first 2 or more weeks before changing to skim milk, the Bureau of 
Dairy Industry (217) has demonstrated that the main function of this 
whole milk is to supply vitamin A. Experiments showed that when 
late-cut brown timothy hay was fed so that milk was the main source 
of vitamin A, better growth was made by calves fed skim milk and 
cod-liver oil than by calves fed during the entire milk-feeding period 
on whole milk from cows on good winter rations. Later (219), calves 
were successfully reared when fed skim milk and cod-liver oil after the 
third day. To a very limited extent calves at the Bureau of Dairy 
Industry station at Beltsville, Md., have, also been similarly fed after 
the third day with reconstituted skim milk nnnle mixing 1 part of 
skim-milk powder with 9 parts of water. 

For several years most of the calves in the nutrition herd of the 
Bureau at Beltsville have received their dam’s milk (colostrum) for 
3 or 4 days and then have been changed abruptly to skim milk with 
cod-liver oil, carotene in oil, or grated garden carrots. Ten cubic 
centimeters (2 teaspoonfuls) of cod-liver od, 15 milligrams of carotene 
in oil, or 180 grams (about 7 ounces) of grated yellow garden carrots 
fed in the skim milk have supplied sufficient vitamhi A. These sup¬ 
plements have been safely omitted as soon as the calf was eating 1 or 
2 pounds of fairly green hay—usually at 60 to 90 days of age. Hol¬ 
stein whole milk contains aoout twice the enei^y of skim milk. Since 
calves cannot safely be fed twice as much skim milk as the amount of 
whole milk recommended, the gains are usually not quite so high for 
the first month, but at later ages the calves do not show any dis¬ 
advantage from being deprived of the customaiy whole milk. The 
calf shown in figure 3, B (p. 634) was fed by this method. 

This practice is spreading in the United States and has recently 
been tried out in Scotland (27) where the growth rates of Holstein 
and Shorthorn calves fed as described compared favorably with those 
of similar calves reared on whole milk, with a saving of about $15 per 
animal. 

Feeding the Calf Whole Milk 

Whole milk is too expensive to feed to the calf in liberal (quantities 
aft^ it is 3 or 4 weeks old. However, where fresh skim milk is not 
available, it is often practical to feed whole milk in limited quantities 
to 7 or 9 weeks of age and raise the calf on a special dry-fed grain 
mixture containing some dried skim milk or other animal product. 
This method of feeding is discussed in detail under the heading Feeding 
Limited Quantities of Milk With Dry Grain or a Dry-Fed Calf Meal 

(p. 608). 

* Data will soon be available on feeding experiments with dairy heifers at field experiment stations of the 
Bureau of Dairy Industry. 
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Where dried-milk products are high in price, or where the calf is 
especially valuable, the feeding of whole milk in quantities not to ex¬ 
ceed 8 or 10 pounds daily to 4 or even to 6 months of age may be 
justified. Fed whole milk at this rate, the calf should gain about as 
well as when fed to the same ages on more liberal quantities of skim 
milk. With the whole milk, the calf should receive all the green leafy 
hay it will eat, and up to 2 or 3 pounds of grain daily. Where whole- 
milk feeding is discontinued at 4 months of age^the quantity of grain 
fed should be increased to 4 pounds daily until the calf is about 
6 months old. 

Raising the Caif on a Nurse Cow 

In many cases it may be practical to raise calves on a nurse cow if 
suitable cows are available to act as foster mothers (94). Hard milk¬ 
ers, low producers, low testers, cows with pendulous udders, or kick¬ 
ing cows may often be used to advantage for this purpose.^ One cow 
can nurse from two to four calves, depending on the quantity of milk 
being produced, and may raise several sets of calves during a lactation 
period. 

Calves raised on a nurse cow are less trouble to feed, and if they do 
not get too little or too much milk, will thrive better than calves raised 
by other methods. The gains made by such calves will vary with the 
quantity of milk the calf gets by this method of feeding. Each calf 
shotdd receive the first milk or colostrum from its dam before being 
placed on a nurse cow. The calf should not get too much mUk at the 
start, and may be raised to about a normal weight on a maximum 
quantity of 8 to 10 pounds of milk a day. If the calf keeps in good 
condition and does not get scours from overeating, it may be assumed 
that it is properly nourished. 

The calves are often allowed to run with the nurse cow. However, 
it is easier to regulate the feed of the cow and of the calves if they are 
kept in a separate pen or lot except at ntirsing time. Until the calves 
are between 1 and 2 months old, the cow should be turned in with them 
two or three times daily so that they can suckle, and then once a day 
imtil they are weaned. 

Wlien the calves are 2 weeks old they should have access to good 
hay, all they will eat of a dry-fed grain mixture or calf meal, and 
plenty of pure water. They may be weaned between 60 and 90 days 
of age and handled like any other calves being raised on grain or calf 
meals. 

Feeding the Calf Fresh Buttermilk or Fresh Whey 

If a creamery or cheese factory is located nearby, it may be possible 
to obtain fresh buttermilk or fresh whey for calf feeding.' To be suit¬ 
able for this puqjose, buttermilk or whey should be stnctly fresh and 
should not be diluted by wash water or to any appreciable extent by 
condensed steam. The product should also be pasteurized and hauled 
to the farm and fed while still fresh and wholesome. These products 
will not be desirable calf feeds except under these conditions. 

Fresh buttennilk has practically the same composition as fresh skim 
milk but contains a small amount of fat. It is higher in acidity except 
possibly when sweet-cream butter is manufactured. If fresh butter¬ 
milk is of good quality and properly fed it will give about as good re- 
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suits as fresh skim milk (886). Fresh buttermilk may be somewhat 
more laxative than fresh skim milk, so that it will usually be best not 
to change from whole milk to this feed vintil the calf is 3 to 4 weeks old, 
and then the change should be made very gradually to avoid digestive 
disturbances. The quantities of fresh buttermilk to feed, the method 
of feeding, and supplementary feeds are the same as for fresh skim 
milk. 

Fresh whey lacks not only the fat but also most of the protein con¬ 
tained in whole milk and has only about two-thirds of the feeding value 
of an equal weight of fresh skim milk. In addition it is somewhat 
laxative, ^^en the whey is properly supplemented with legume hay 
of high quality and with a grain mixture high in protein, the calf will 
be thrifty and make a fairly good rate of growth on this feed (886,993). 
For best results the calf should be given a good start on whole milk 
and not changed to fresh whey until it is 4 or 5 weeks old. The quan¬ 
tity fed should be gradually increased until the calf is receivmg a 
maximum of 14 to 16 pounds daily. At the Wisconsin station (993), 
calves fed a maximum allowance of 14 pounds of fresh whey per day 
together with clover hay and a grain mixture consisting of 300 poimds 
of ground com, 300 of standard wheat middlings, and 400 of linseed 
meal made an average gain of 1.48 pounds each daily compared with 
1.52 for calves fed fresh skim milk limited to 10 pounds daily, and 1.76 
for calves given a maximum of 14 pounds of fresh skim milk daily. 

Feeding Reconstituted Dried Skim Miik, Dried Buttermiik, 
or Condensed Buttermiik 

If fresh milk products cannot be obtained it is usually possible to 
purchase dried skim milk, dried buttermilk, or condensed buttermilk. 
These differ from the fresh products only in having most or part of 
the water removed through heating and evaporation. Because of 
the lower water content, approximately 1 pound of dried skim milk, 
1 of dried buttermilk, or 3 pounds of condensed buttermilk have 
about the same feeding value as 10 pounds of the fresh products. 
Dried skim milk and dried buttermilk are sliipped in either paper- 
lined barrels or bags and will keep indefinitely if stored in a dry 
place. In the production of condensed buttermilk, only part of the 
water is removed, leaving the material in a semisolid or heavy liquid 
form. Tliis product is sliipped in sealed barrels or cans, will keep 
indefinitely in the sealed container, and can be fed without loss from 
spoilage if an even layer is removed from the entire surface each day. 

Feeding trials at a number of State agricultural experiment stations 
(94, 686) indicate that calves will gi’ow nearly as well on dried skim 
milk or dried buttermilk reconstituted to the approximate composi¬ 
tion of fresh skim milk or fresh buttermilk as they will on an equal 
weight of the fresh product. However, as a rule calves do not do 
quite so well on reconstituted semisolid buttermilk (296, 993) as on 
fresh or reconstituted dried skim milk or buttermilk. When the dried 
products can be obtained they are to be preferred to the semisolid 
products. 

The calf may be fed the reconstituted dried skim milk .beginning 
at 2 to 4 weeks of age, or sooner if a vitamin A supplement is fed. 
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The feeding of reconstituted dried or condensed buttermilK d be 

delayed until the calf is 3 to 4 weeks old, as these ojne- 

what more laxative than the dried skint milk. The chu^^v from 
whole milk to the reconstituted products should be made gradually, 
in the same way and with the same quantities as recommended for 
fresh flLIm milk. The method of feeding and -supplementary feeds 
are the same as for fresh skim milk. ... , - ,. 

To prepare the dried skim milk or dr\ed buttermilk for feeding, 
mix 1 part of the dried product to a smooth paste with an equal 
weight of warm water. Wlien the lumps are all broken up, add 8 more 
parts by weight of warm water and stir thoroughly. 

To prepare the condensed buttermilk for feeding, add 7 parts by 
weight of warm water to 3 parts of condensed buttermilk and stir 
until well mixed. For best results mix with the same proportion of 
water from day to day and feed at a temperature of about 95° F. 
Oi^ enough should be mixed at one time for one feeding. 

Where these products do not cost too much they may be fed in 
the same quantities as fresh skim milk until the calf is 4 to 6 months 
old. If the cost of such products is too liigh, the calf may be weaned 
at 7 to 9 weeks of age and placed on a good grain mixture or a good 
dry-fed calf meal containing dried skim milk or some other animal 
product. 

If the calves have a tendency to scour, add one-half pint of lime- 
water at each feed until this condition disappears. To make lime- 
water, add 2 ounces of hydrated lime, or a lump of unslacked lime 
the size of an egg, to a pail of water. Allow the unslacked lime to 
slack. Stir vigorously. Allow the lime to settle and use only the 
clear solution. 


Feeding Limited Quantities of Miik With Dry Grain or a Dry-Fed Caif Meai 

Where skim milk or other milk products are scarce or high in price, 
the calf may be raised by feeding limited quantities of milk and 
gradually substituting a good grain mixtiu*e or calf meal for milk 
at an early age. Some calf meals are fed mixed with water in the 
form of a gruel. However, the calf may be raised with less labor 
and less trouble from scours if the meal is fed dry. Calves raised in 
tliis manner do not gain as rapidly or look quite as thrifty as calves 
fed liberal quantities of fresh skun milk, and they are sometimes 
diflScult to raise. However, if given good care and attention and a 
good start on milk together with liberal quantities of hay and a good 
grain mixture or calf meal, they will make a satisfactory growth. 

Experiments have indicated that calves may be raised on as little 
as 150 pounds of whole milk, including colostrum, with no milk after 
30 days (98, 96, 821). However, taking milk away at this early age 
severely retards the growth of the calf for a while, since its digestive 
system has not developed to the point where it can digest lai^e 
quantities of hay and grain. Feeding milk in limited quantities to 
50 or 60 days gives the calves a better start, and they are eating 
larger quantities of hay and grain by the time milk feeding is elimi¬ 
nated. During this period the calf may be fed on whole milk or on 
whole milk and fresh or reconstituted skim milk, or it may be raised 
on a nurse cow (9J^, 240 , 296). Not more than 325 to 400 pounds of 
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whole milk or 160 to 200 pounds of whole milk and 400 to 600 pounds 
of skim I • ilk will be required for this period of milk feeding. Small 
and weax.. calves require milk for a longer period and ordinarily 
should not be raised on limited milk feeding. 

^ Grain as a Substitute for Miik 

A gi. . mixture used as a substitute for milk should be composed of 
palatabl' feeds so that the calf will eat it readily. It should have a 
protein content of not less than 16 to 18 percent. Since the nutrients 
m grain are not so suitable for growth as the nutrients in milk, the 
growth of the calf will be retarded somewhat between 2 and 4 months 
of age. However, the calf will grow more rapidly from 4 months on 
and with good feeding may reach a normal weight when 6 months old 
or shortly thereafter. 

At the Minnesota (296) and Missouri (944) Agricultural Experiment 
Stations, calves fed limited quantities of whole milk or whole milk and 
skim milk for 50 to 70 days together with alfalfa hay and a grain mix¬ 
ture consisting of 400 j>ounds of ground corn. 100 of wheat bran, and 
100 of linseed meal (14.8-percent protein) failed by a considerable 
margin to attain normal weight at 6 months of age, but later reached 
normal size and were satisfactory breeding animals. Similar results 
were experienced at the Beltsville station of the Bureau of Dairy 
Industry ® with calves fed a grain mixture with a protein content of 
17.1 percent consisting of 200 pounds of ground corn, 200 of wheat 
bran, and 100 of linseed meal. 

On the other hand, calves raised in a similar manner at several other 
State agricultural experiment stations, with either clover hay or mixed 
grass and legume hay for roughage, have attained a live weight at 6 
months of age equal or nearly equal to the Ragsdale and Fohrman- 
Swett growth standards (see table 7, p. 625) on the following grain 
mixtures: 

Wisconsin ( 993 ), protein 18 percent: Corn 25 percent, oats 25, wheat bran 25, 
linseed meal 25. 

New Jersey ( 93 ), protein 17.6 percent: Corn 25 percent, oats 37.5, wheat bran 

12.5, linseed meal 25. 

Maryland ( 96 ) and Ohio { 240 ), protein 16 percent: Corn 28.6 percent, oats 

28.6, wheat bran 28.6, linseed meal 14.2. 

South Carolina ( 321 ), protein 17.3 percent: Corn 40 percent, oats 40, cottonseed 
meal (41-percent protein) 20. 

Calf Meals as Substitutes for Milk 

Dry-fed calf meals or calf starters consist of a good grain mixture 
with the addition of protein from some animal source. The protein 
content is 20 percent or more. On a good calf meal the calf as a nde 
will maintain a better rate of growth following weaning from milk 
than on an ordinary grain mixture. With good feeding, calves should 
be normal or a little above average in weight at 6 months, and on a 
special calf starter may be considerably above average. _ 

Animal products that have been used in calf meals include dried 
skim milk, dried buttermilk, soluble blood flour, ordinary blood meal, 
dry-rendered tankage, and fish meal. Dried skim milk provides the 

• irnpublished reports of experiments by H. T. Converse on the feeding of limited milk and grain to 
dairy calves. 

141394 °— 89 - —40 
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best possible source of animal protein for the calf and has given good 
resulte in many calf meals. Twenty to twenty-five percent of this 
product in a calf meal will give about as good results as larger quanti¬ 
ties {96,' 1012). Dried buttennilk {567) that is of uniformly good 
quality and not too acid may also be used, but it may not give quite as 
good results as dried skim milk. 

Soluble blood meal or flour, rather unpalatable products, have been 
used to the extent of 12.5 percent of a calf meal as the sole source of 
animal protein at the New Jersey {98) and several other State agricul¬ 
tural experiment stations. Wlien the calf can be induced to consume 
in large enough quantities a meal containing one of these jirdducts, it 
will grow about as well as on one containing dried skim milk. How¬ 
ever, some calves do not eat readily a calf meal containing soluble 
blood flour and as a result do not grow so fast nor look quite as thrifty 
as calves fed a calf meal containing dried skim milk. In a recent feed¬ 
ing trial at the Ohio Agricultural Experiment Station {648) ordinary 
blood meal and dry-rendered tankage, constituting 12.5 percent of a 
calf meal, gave about as good results as 12.5 percent either of soluble 
blood flour or of dried skim milk. 

Fish meal is made from several kinds of fish re.sidues. Used as the 
sole source of animal protein, 12.5 percent of fish meal gave as good 
results as 12.5 percent either of soluble blood flour or of dried skim 
milk at the Ohio station. However, calves did not make satisfactory 
growth at the Now Jersey station {63) on a calf meal containing 12.5 
percent of fish meal, nor at the South Carolina station {821) on one 
containing 15 percent of fish meal. Used to the extent of 10 percent 
of the calf meal to supplement or partially replace dried skim milk, 
fish meal has proved satisfactory at the Maryland {96) and New York 
(Coniell) {1012) stations, but gave unsatisfactory results at the South 
Carolina station. Only the best grades of fish ‘meal, processed from 
fresh fish residues into a wholesome product low in moisture and fat, 
are suitable for calf feeding. 

As a rule, such products as fish meal, dried blood flour, blood meal, 
and dry-rendered tankage are better suited to supplement dried skim 
milk in a calf meal than for use as the sole source of animal protein. 

The following calf meal, composed of easily obtainable ingredients, 
is not very different in composition from calf meals containing dried 
skim milk on which calves have attained a size at 6 months equivalent 
to the Ragsdale and Fohrman-Swett growth standards at several State 
agricultural experiment stations: 

Ptrctnl Percent 

Ground yellow corn_ _ 30 Linseed meal... 10 

Crushed or rolled oats.. 30 Dried skim milk.. I 20 

Wheat bran.... 10 


The ingredients used in this mixture may be varied somewhat to 
meet conditions on individual farms. Oatmeal without the hulls will 
give a little better results than ordinary oats. White com will be 
about as good as yellow com. Ground or roUed barley may be used 
to replace part or all of the ground com. Ten percent of soybean 
meal, cottonseed meal (41- or 43-percent protein), dried blood flour, 
or a high-grade fish meal may be used to replace the linseed meal or 
half of the dried skim milk. 
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At the South Carolina Agricultural Experiment Station {S21), calves 
made slightly^ better than normal growth to 6 months on a simple calf 
meal consisting of 35 percent of ground yellow corn, 35 of ground oats, 
20 of cottonseed meal (41-percent protein), and 10 of dried skim milk. 

From 0.5 to 1 percent of salt should be ailded to grain mixtures ancl 
calf meals. Finely ground steamed bonemeal and ground limestone 
are also added to some calf meals at the same rate. These may be 
helpful if the hay fed is not a legume or is not of the best quality. 

At the New York (Cornell) Agricultural Experiment Station, Savage 
and Crawford {1012) found that a good calf meal containing 20 percent 
of dried skim milk gave better results when small quantities of white- 
fish meal and cod-liver oil were added in addition- to the minerals. 
This calf meal, called a reinforced calf starter, is as follows; 


Percent 

Ground yellow corn_32. 25 

Rolled oats (oatmeal)-- _ 28. 00 

Wheat bran_ 10. 00 

Linseed meal- _ 5. 00 

Whitefish meal_ 3. 00 


Percent 

Dried skim milk- __ .. 20.00 

Salt_ _ _ . .50 

Ground limestone__ .50 

Steamed bonemeal_ _ .50 

Fortified eod-liver oil_ .25 


In the above mixture. 0.5 to 1 percent of ordinary animal-feeding 
cod-liver oil may be substituted for the fortified cod-liver oil. In grain 
mixtures of this kind, cod-liver oil is known to lose most of its vitamin 
A potency within a short time, and the best way to supply cod-liver 
oil is to mix 2 to 4 teaspoonfuls in the feed of each calf every day. 

Recently Newman and Savage {862) at the New York (Cornell) 
station have found that the addition of either dried brewers’ yeast 
or a cereal yeast feed to a dry calf starter resulted in a more rapid 
growth of the calf with a little lower total digestible nutrient require¬ 
ment per unit of gain in weight. Six percent of dried brewers’ yeast 
used to supplement 20 percent of dried skim milk, or 5 percent of 
cereal yeast feed and 5 of soybean meal, used to replace half of the 
dried skim milk, gave nearly as good results as when a 16-percent 
cereal yeast feed was used to replace half of the <lried skim milk. This 
increased efficiency of the calf meal was thought to be due to the vita¬ 
min B factor in the yeast. However, yeast feeding has been found 
not to be beneficial for young calves being fed fresh milk in normal 
quantities, or for older calves. 

There are several ready-mixed calf meals or calf starters on the mar¬ 
ket. The best contain one or more animal products and give about as 
good results as a good home-mixed calf meal. Some of these have been 
compressed into pellet form. In a feeding experiment reported by 
Newman and Savage {852) calves fed a calf meal in pellet form did not 
make any better growth than calves fed the same meal in the usual 
ground form. 

Directions for Feeding CalJ Meals 


The following directions for feeding apply to both commercial calf 
meals and home-mixed grain and calf meals. They are made on the 
basis of feeding limited quantities of milk until the calf is 7 to 9 weeks 
old. Warm water is added as the quantity of milk is decreased so that 
the calves will not suffer from a lack of water until they are accustomed 
to drinking from the regular supply. 
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Limited whole milk: 

Holstein and Brown Swiss: 

First week_ _ 

Second week_ 

Third week_ 

Fourth week... 

Fifth week_ 

Sixth week_ 

Seventh week_ 

Ayreshire, Jersey, and Guernsey: 

First week_ 

Second week.___ 

Third to sixth weeks_ 

Seventh week_ _ 

Eighth week_ _ 

Ninth week. _ 


Whole milk Warm water 
(pounds per day) (pounds per day) 

_ 8 _ 

9 _ 

_ 10 _ 

8 2 

6 4 

_ 4 6 

.... 2 8 

_ 6 ' _ 

.... 7 

.... 8 

.... 6 2 

- 4 4 

2 6 


Limited whole milk and skim milk: Feed whole milk as indicated above for the 
first 2 weeks and change from whole milk to skim milk during the third week. 
Increase the quantity of skim milk fed by 2 pounds daily each week until the calf is 
getting 12 pounds daily. Reduce the quantity of skim milk fed by 3 pounds a 
day each week during the fifth, sixth, and seventh weeks for Holstein and Brown 
Swiss calves, and during the seventh, eighth, and ninth weeks for Ayrshire, Jersey, 
and Guernsey calves, substituting warm water in the same way as above. 

Calves raised on nurse cows: Regulate the number of calves on a nurse cow so 
that each calf is getting from 6 to 8 pounds of milk daily. Allow the calves to 
suckle twice daily for the first 4 to 6 weeks, then once daily for 3 weeks until 
weaned. 

Feed each calf milk according? to its size and condition, for a 
shorter or longer time as conditions warrant. Provide a convenient, 
abundant supply of pure water so that the calf will become accus¬ 
tomed to obtaining its own supply before the quantity of milk fed 
is reduced. 

When the calf is 10 days old, offer it both hay and grain. Use the 
best quality hay on hand, preferably a legume. Early-cut grass or 
mixed grass and legume hay are also suitable. Give the calf all the 
hay it will eat at all times and all the grain or calf meal it will eat up 
to 4 or 5 pounds daily. When the calf is 3 months old, the calf meal 
can be gradually discontinued and a cheaper grain mixture fed instead 
so that at 4 months of age the calf is getting all grain. Feed 4 to 5 
pounds of grain daily until the calf is 6 months old. 

When the calf is weaned from milk at 50 to 60 days, it should be 
eating 1}^ to 2 pounds of grain or calf meal daily ; at 3 months, 3 to 4 
pounds daily; and at 4 months, 4 to 5 pounds daily. The total quan¬ 
tity of grain or calf meal and grain required to 6 months of age on this 
basis is about 400 pounds per head for Jerseys and 500 pounds for 
Holsteins. When a calf meal is fed it will constitute approximately 
half of the grain. 

The amount of hay consumed will depend on its palatability and 
also on the quantity of calf meal and grain fed. With hay of good 
quality and the above quantities of calf meal and grain, the calf may 
be expected to consume nearly as much hay as grain from weaning 
time to 4 months of age, ^d somewhat more hay than grain between 
4 and 6 months of age, with a total hay consumption of between 400 
and 450 pounds of hay bv Jerseys and 500 to 600 pounds by Holsteins. 
With especially palatable hay, heifers may consume somewhat more 
than this. 
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Feeding Hay 

In order to grow aiid develop normally the calf requires hay and grain 
at an early age to supplement milk. These should be fed as soon as 
the calf can be induced to eat them, usually at about 10 days to 2 
weeks of age. A handful of the most palatable hay on hand should be 
placed in a rack where the calf can reach it conveniently but cannot 
soil it. Until the calf is eating hay readily, a fresh supply should be 
provided each day in order to tempt its appetite. 

Hay used for feeding y^oung calves should be cut before it gets too 
mature and handled during curing so as to retain as much of its green 
color and leaves as possible. Such hay will be high in protein, as¬ 
similable minerals—particularly calcium—and vitamin A. Sun-cured 
hay will also be a good source of vitamin D, while artificially dried hay 
will be low in this vitamin. Legume hays (alfalfa, clover, soybean, 
cowpea, etc.) or grass hays cut before the blossom stage (timothy, 
prairie, a pasture-grass mixture, etc.) will usually be highest in these 
constituents and the most suitable for calf feeding. The calf will 
thrive on sun-cured hay that has a nice green color, but with hay that 
has lost its green color a vitamin A supplement will be required. The 
calf can also be fed principally on artificially dried hay if it gets plenty 
of sunshine and is fed a little sun-cured hay; otherwise a vitamin D 
supplement will be required. 

The calf should be fed at all times as much good-quality hay as it will 
eat. Where alfalfa hay is fed, the calf should not be given hay that 
is unusually leafy and palatable during the first few weeks, as calves 
will sometimes overeat on such hay and get indigestion and scours. 
The quantity of hay consumed will depend tmt only on its palatability 
but also on the quantity of other feeds consumed. Ordinarily the 
calf will be eating 1 pound of hay or a little more daily at 2 months of 
age, 2}^ to 3 pounds daily at 3 months, and 5 to 6 pounds daily at 6 
months of age. When the hay is especially palatable, or the quantity 
of grain fed along with milk is limited to 2 or 3 pounds or less daily, 
or the calf is being raised on grain or grain and a calf meal without any 
milk, the calf may consume larger quantities than this at 6 months of 
age {1222). Headley" of the Nevada Agricultural Experiment 
Station reported a hay consumption of 13 pounds per head daily at 6 
months by Holstein heifers fed skim milk with one-half pound of grain 
daily and all the good alfalfa hay they could eat from an outside rack. 

Feedii^ Grain 

The calf can be taught to eat grain when 10 days to 2 weeks old by 
rubbing a little on its muzzle and placing a small handful in the bottom 
of the pail after it has finished drinking its milk. The grain fed to 
dairy calves should be palatable and provide the enei^, protein, and 
minerals retired for normal CTOwth that are not provided in the milk 
and hay. The farm grains ^orn, oate, barley, kafir, and milo) and 
the protein concentrates (wheat bran, linseed meal, and soybean meal) 
are all suitable feeds for the young calf. ^ Cottonseed meal may also be 
fed in limited quantities The protein concentrates contain more 


' Headley, F. B. hay consumption by heifer calves. Nov. Agr. Expt. Sta. News Bull., v. 7, No. 1. 
1933. [Mimeographed.] 
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minerals as well as more protein than the farm grains. Wheat bran 
and linseed meal are particularly good sources of pliosphorus. 

The percentage of protein needed in the grain mixture will depend on 
the ration fed. When the calf is getting moderate or liberal quantities 
of skim milk or buttermilk along with a leafy legume hay or early-cut 
grass or mixed hay the grain fed can consist entirely of farm grains 
and the calf will make as good or nearly as good growth as wWe 
wheat bran a,nd linseed meal are included in the grain mixture {670, 
886). A grain mixture containing 14 to 16 percent of total protein 
may be needed by calves fed limited quantities of skim nulk or butter¬ 
milk with good hay. A grain mixture containing as much as 18 to 20 
percent of total protein may be required by calves fed whey or those 
fed grain as a substitute for milk, with good hay. Where the hay and 
grain are home grown and the soils of the locality are known to be low 
in phosphorus, it is best to include wheat bran or 1 percent by weight 
of bonemeal in such a mixture. Suitable grain mixtures are shown in 
table 4. 

Table 4. —Grain mixtures for young dairy slm-k containing specified 
percentages of prounn 


Qrain or conceDtrate 


ML\turt\s eoniaiuins? lo 
to 12 percent of total 
protein > 


Mixtures eouiaiiiiiig 14 Mixturcss containing 18 
lo 16 percent of total to 20 percent of total 
protein " protein 3 


Corn. 

Oats.. 

Wheat bran . 
Tvinseed meal. 


Lb. Lb. I Lb. I Lb. Lb. ! Lb. Lb. Lb. Lb. Lb. Lb. Lb. 
(*) 10 I 30 I 20 20 30 30 30 10 20 10 20 

(*) 10 L... 20 20 L .. 10 :io 20 _ 10 20 

. 10 10 , I 10 10 :io . 10 10 10 


10 I 10 10 10 


10 

10 10 


J Suitable for calves under 0 months fed 12 to 11 pounds or more daily of milk or some milk product other 
than whey with good hay (leafy legume hay, early-cut grass or mixed hay); also for heifers and bulls over 6 
months fed good hay or such hay and grass or Icgumo silage. 

> Suitable for <»lves under 6 months fed not over 10 pounds daily of milk or some milk product other than 
whey, with go(^ hay; also for heifers and bulls over 6 months fed (l) good hay (leafy legume hay, early-cut 
gr^s or mixed “Sy) with corn, kafir, or sorghum sil^c, or fodder; or (2) poor hay (made from mature grass 
or from legumes that are very mature and have undergone shattering), or corn, kafir, or sorghum fodder with 
grass or legume silage. 

3 Suitable for calves under 6 mouths fed whey or those fed grain as a substitute for milk, with good hay; 
also for heifera and bulls over 6 months fed poor hay (made from mature grass or from legumes that are very 
raa^ire and have undergone shattering), or such hay with corn, kafir, or sorghum silage or fodder 

< Corn alone or oats alone. v/va v. 


In the grain mixtures given in table 4, barley, kahr, niilo, or hominy 
feed may r^lace part or all of the corn; soybean meal may replace 
part or all of the linseed meal. Cottonseed meal may replace one-half 
of the linseed meal until the calf is 6 months old, and either half or 
all of the linseed meal for older calves. Young calves seem to prefer 
whole com or oats to ground corn or oats at first, and they do about 
as well up to 4 or 5 months of age on the whole grain {616). After the 
calf is 4 or 5 months old, the com should be ground and the oats either 
groimd or rolled. Kafir and milo should be ground and barley either 
ground or rolled for calves of all ages. 

A calf 2 weeks old will eat only a small handful of grain a day. 
Calves being fed liberal quantities of milk will eat about half a poimd 
daily at 4 weeks, 1 pound at 6 weeks, 1% pounds at 8 weeks, and 2 
pounds at 10 weeks to 3 months of age. This will be enough grain if 
milk is fed liberally to 6 months of age along with the best quality 
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legume or mixed hay. When milk is fed in limited quantities or discon- 
tinued at an earlier age, or a poor grade of hay is fed, it may be necessary 
to feed 3, 4, or even 5 pounds of grain a day, including a calf meal. 


Silage is not a suitable feed for the young calf (1209). The addi¬ 
tion of this feed to the ration is apt to cause digestive disturbances 
and scours. Furthermore, it is desirable that the calf eat as much 
hay as possible during the first 3 months. After that, however, silage 
makes a desirable feed to supplement hay. Com, kafir, or soighum 
silage, or silage made from pasture or hay crops, may be fed. 

Silage made from corn, kafir, sorghum, and grasses that are nearing 
matunty is low in protein, while that made From l^umes and from 
grasses cut while still immature is high in protein. Com silage con¬ 
tains essential amino acids that may be lacking in some hay crops 
and is a particularly desirable feed for supplementing alfalfa and other 
legume hays. If the plant material is put in the silo while green and 
not more than slightly wilted, the silage will be a good source of vita- 
mm A to supplement poor hay. Silage of all kinds is low in vitamin D. 

When the calf is 3 months old, it can be fed 1 or 2 pounds of silage a 
day. By the time it is 4 or 5 months old, it can be fed 1 pound of 
silage a day for each month of its age, or -2 pounds of silage a day for 
each 100 pounds of live weight. Care should be taken not to feed 
any moldy or frozen silage, and any uneaten silage shmdd be removed 
from the manger each day. 

Pasturage for the Calf 

Pasturage is one of the best of feeds for the growing calf. However, 
the young calf will consume very little pasturage in addition to milk, 
hay, and grain, and young calves will do better in hot weather when 
kept in cool, well-ventilated quarters during the day than when allowed 
to run in a pasture or open lot in the sun. The calf will be able to 
make better use of pasturage after it is 3 months old provided the 
grass is abundant and the weather is not too hot. 

The pasturage provided for calves and heifers should be the best 
available, preferably consisting of immature, rapidly growing grasses 
and clover. Such pasturage is low in crude fiber and high in easily 
assimilable protein, carbohydrates, minerals, and vitamins (except 
vitamin D, which the calf gets from sunshine) and furnishes a well- 
balanced feed for body maintenance and bone and muscle building. 

Fall and early winter calves will make good growth the following 
spring and summer on pasture supplemented by skim milk and grain, 
or by grain alone when they are 4 to 6 months old. Spring calves w^ill 
not be old enough to make much use of pasture until late in the 
summer and during the fall. Because pastures are often poor at this 
season, it is best to keep spring and summer calves off pasture, except 
for exercise, until the following summer. 

RAISING THE DAIRY HEIFER 

Feeding Heifers From 6 Months to 2 Years of Age 

By the time the heifer is 6 months old the feeding of skim milk or 
special calf meals has been discontinued. At this age it is still grow- 
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ing rapidly but can make good growth largely on roughage feeds of 
good quality, supplemented by a little grain. By the time the heifer 
IS a year old, it is usually past the period of maximum gains, can con¬ 
sume more roughage, and can make normal growth with still less 
grain. Plenty of good roughage should be supplied at all times 
in the form of good pasture in summer and hay or hay and silage m 
winter. Fodder may be used to provide part of the roughage for 
heifers over 1 year of age. ' , , 

During the grazing season the heifer should be provided with good 
pasturage when available (fig. 2). Except on irrigated land, perma¬ 
nent pasture may not furnish all the roughage the animals should 
have throughout the grazing season. When available, the second 



Figure 2 .—Pasture should provide good grazing and if possible shade and water also. 

growth on a hayfield after cutting for hay or crops such as rye and 
vetch, oats and peas, Sudan grass, soybeans, Italian ryegrass, and 
sweetclover may be used as temijorary pasture to supplement poor 
permanent pasturage (pasture with short, scanty growth). \^en 
temporary pastures are not available, heifers may be fed hay or hay 
and silage while on early spring pasture or poor summer pasture" 
If there is plenty of good hay on hand, it would be well to keep a 
supply available at all times throughout the grazing season, in a 
conveniently located rack so that the heifer can eat it at will. 

When pastures are at their best, with grass immature and abundant, 
or when poor pastures are supplemented by all the good-quality hay 
or hay and silage the animals will eat, heifers 6 to 9 months of age 



YOUNG DAIRY STOCK 


617 


will not require more than 3 pounds of grain a day, and heifers over 
9 months old will not need a,ny grain. On the other hand, if a limited 
quantity of good roughage is fed with poor pasture, or the roughage 
fed with such pasture is poor in quality and unpalatable, it may be 
necessary to feed heifers 6 to 9 months old 5 pounds of grain, and 
older heifers 3 to 5 pounds, per head daily in order to maintain growth 
at a normal rate. 

During the winter season, the heifer should be fed so that it will 
niakc about normal growth but will not get too fat. Heifers in a 
high state of flesh make smaller than normal gains when they go out 
on pasture in the spring {503). As a rule, the growing heifer should 
be supplied with all the hay it will eat at all times. The hay fed may 
be either legume, mixed grass and legume, or grass hay. It should 
preferably be early-cut, fine-stemmed, and leafy, and grade not less 
than U. S. No. 2 for green color. Heifers over 1 year of age may 
receive part of their roughage in the form of com, kafir, or sorghum 
fodder, if it has a good bright color. If silage is available, it may be 
fed to replace part of the dry roughage. Com, kafir, or sorghum 
silage makes a good feed to supplement legume, mixed, or grass 
hays. Grass or legume silage makes a good feed to supplement mixed 
or grass hays, or com, kafir, or soighum fodder. If the hay or fodder 
is a good green color and is readily consumed in large quantities, 2 
pounds of silage per 100 pounds of live weight daily is enough to feed 
the growing heifer. If the hay or fodder is of only ordinary or poor 
quality, the quantity of drj roughage may be reduced to 4 or 5 pounds 
per head daily and the heifer fed in addition all the silage that it will 
consume. 

When fed all the roughage it will consume, the heifer 6 to 9 months 
old will need about 3 pounds of grain daily along with roughage of 
good quality, and 5 pounds of gram daily with roughage of only 
ordinary quality. Heifers more than 9 months old will not require 
any grain with good hay and silage, but may need 2 to 3 pounds 
daily with good legume hay or with silage and ordinary hay, and 
as much as 5 pounds of grain daily with ordinary hay or with such 
hay and com, kafir, or sorghum fodder. In some irrigated sections 
of the West, heifers allowed free access to a good (juality of alfalfa 
hay, so that they can eat all they want at all times without consuming 
the coarse stems, have made normal or near normal growth from 
birth on skim milk and alfalfa hay without any grain or with only 
very limited quantities of grain. Headley of the Nevada Agricul¬ 
tural Experiment Station reported® a live weight at 12 months of 
age of 650 pounds for Holstein heifers fed this ration with only one- 
lialf of a pound of grain daily from birth to 6 months of age. These 
heifers were kept in a separate lot and were fed alfalfa hay from an 
outside rack. All hay was weighed. Hay consumption amounted 
to 13 pounds per head daily at 6 months of age, 19.5 pounds at 9 
months, and 26 pounds at 12 months. 

The ration will contain plenty of protein if grain containing 10 to 12 
percent of protein is fed along with immature, abundant pasture, 
leafy legume hay or early-cut mixed or grass hay, or with such hays 
and grass or legume silage. The grain should contain 14 to 16 per- 


s In the mimeographed hnlletiii cited in footnote 7, p. 613. 
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cent of protein with ordinary and less abundant pasturage, with 
good hays and com, kafir or sorghum silage, or with poor hay made 
From mature grass or from legumes that were very mature and have 
undergone considerable shattering, or with such hay and ^ass or 
legume silage; and it should contain 18 to 20 percent of protein with 
poor hay atone or with such hay and com, kafir, or sorghum silage. 
Suitable grains and grain mixtures for feeding heifers are listed in 
table 4 (p. 614). - 

The approximate quantities of feed required by the heifer at differ¬ 
ent ages for normal growth in terms of grain and good hay or its equiv¬ 
alent are given in table 1 (p. 599). The basis on wliich these quantities 
were calculated is shown at the bottom of the table. Feed substi¬ 
tutions to fit the ration and quality of feeds being fed may be made 
on the following basis: 3 pounds of silage (inade with little or no 
wilting), 5% of carrots or mtabagas, 6 of turnips, 7 of mangels, 2 of 
sweetpotatoes, 2 of fodder (including uneaten portion), or 0.7 of 
grain may be substituted for 1 of good hay; IK of hay, 3 X)f fodder, 
4K of silage, 8 of carrots or rutabagas, 9 of turnips, 10 of mangels, 
3 of sweetpotatoes, or 9 of fresh skim milk are equal in feeding value 
to 1 pound of grain. 

Feeding the Heifer Before and After Caiving 

The heifer should be making good growth and be in good flesh at calv¬ 
ing time; otherwise she may not give as much milk as she should after 
calving or grow at a satisfactory rate during her first milking period. 
On the other hand, she should not be excessively fat, as this will not 
make her a better milk cow and may result in calving difficulties and 
congestion of the udder. 

If at 3 or 4 months prior to calving the heifer is growing at about a 
normal rate and is well fleshed, the ration being fed may be continued 
until near calving time without increasing the quantity of grain. If 
the heifer is in fair flesh, 4 or 5 pounds of grain a day will be sufficient 
to feed along with liberal quantities of good roughage. If she is 
somewhat thin or if the roughage is not of the best quality, it may be 
necessary to feed 6 to 8 pounds of grain a day in order to have her 
in good flesh by calving time. The grain mixture should contain 
enough protein to balance the roughage fed. (See table 4, p. 614.) 
Several weeks before calving, ground oats, wheat bran, and linseed 
meal are especially desirable feeds to include in the grain mixture. 
As calving time approaches, the heifer should have only moderate 
quantities of hay and silage, and the drinking water should not be 
too cold. 

After calving, the heifer should be fed sparingly for a few days in 
order to help prevent digestive disorders and reduce the swelling in 
the udder to a minimum. She should have warm water to drink after 
calving, and a little good hay as soon as she cares to eat it. The second 
day she may be fed hay, a little silage, and 4 pounds of grain. Rough- 
age may then be fed in as lai^e quantities as the heifer will consume it, 
and the grain may be increased gradually until she is on full feed 
3 to 4 weeks after calving. From this time on throughout the first 
lactation period, the heifer should^ be fed total nutrients and protein 
for maintenance and milk production in the quantities called for by a 
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feeding standard suck as those discussed in the articles on dairy cattle 
feeding in this Yearbook, or in Farmers’ Bulletin 1626, Feeding Dairy 
Cows, {1266). In addition, the heifer should be provided enougn 
nutrients above tliese reijuirements to enable her to continue to make 
normal growth during the first lactation period. 

Heifers that are undersized at first calving because of underfectling 
or calving at too early an age may, if properly fed during the first 
lactation, gain in weight as much as 125 to 150 pounds between first 
and second calvings, exclusive of the increased weight due to gestation 
or differences in weight due to differences in degree of fleshing at calv¬ 
ing time. On the other hand, heifers that are large at first calving 
because of liberal feeding or delayed calving may not gain more than 
50 to 75 pounds in weight during this period. 

As a rule, it will be well to provide additional nutrients for at least 
100 pounds of gain in live weight, and if the heifer is considerably 
undersized at first calving, for as much as 150 pounds of gain during 
the first lactation period. It is probable that at this age as much as 
3 pounds of digestible nutrients will be required to produce 1 pound of 
gain in live weight in the animal, or a total of 300 to 450 pounds of 
total digestible nutrients. These quantities of nutrients will be pro¬ 
vided by 400 to 600 pounds of grain or 600 to 900 pounds of hay. 
Spread out over a 10-month period beginning at 60 to 90 days after 
calving the daily quantity of feed required for growth would be 
equivalent to IK to 2 pounds of grain or 2 to 3 pounds of hay. 

The Relation of the Ration and Age at First Calving to 
Growth and Production of Dairy Heifers 

The methods of feeding dairy calves and heifers that have been out¬ 
lined provide sufficient nutrients for growth at about the rate shown 
by the Ragsdale and Fohrman-Swett growth standards (table 7, p. 625). 
Some breeders feed an extra-liberal ration in order to raise heifers 
above normal in size. On the other hand, many heifers are fed such 
scanty rations that their rate of growth is considerably retarded. 
The time of breeding for first calving will depend on the rate of growth' 
and size of the heifer rather than on age. 

The rate at which a calf grows and the mature size it may attain 
depend upon its inheritance, health, and nutrition. Disease or under¬ 
feeding will retard growth and may cause the animal to fail to reach 
its mature size at the usual age. If the disease is severe enough or 
underfeeding is continued long enough, the animal may be perma¬ 
nently stunted. Liberal feeding, on the other hand, will accelerate 
the growth rate, and the animal may reach breeding age and mature 
size a little earlier than usual. 

Calves may be fed only medium amounts of feed and allowed to 
reach calving size in, say, 30 months, or they may be fed more heavily 
and be large enough to calve at 24 months. Slow growth requires more 
feed per unit of gain because of the greater proportion of nutrients 
used for maintenance. On the other hand slow growth can be made on 
rations made up of rougher and cheaper feeds. In this discussion, it 
has been assumed that heifers will be sufficiently well grown to calve 
at 2 years to 2 years ^ind 3 months of age, although there may be 
conditions under which slower growth is more economical. 
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The influence of scanty and liberal rations and of age at first calving 
on the growth and production of dairy heifers have been investigated 
by Eckles {292) at Missouri, and by Reed, Fitch, and Cave {QSiS) at 
Kansas. Eckles raised Jersey and Holstein h^feifers on an»extra-liberal 
ration to first calving. This ration consisted of whole milk, liberally 
fed to 6 months, with all the alfalfa hay and grain the animals would 
eat. The heifers were above normal in weight from birtH to the time 
of first calving. After calving, these heifers were fed a noi-mal, good 
dairy ration consisting of alfalfa hay, corn silage, and grain according 
to production. Their growth then slowed down to somewhat below 
normal for age, and at 5 years of age their height at withers was just 
about norm^ (table 5). 


Table Effpct of the ration on the ffroivth of dairy heifers 
livf: weight 


Eckles 1 I Reed, Fitch, and Cave 


Jersey * Holstein I Holstein 


Age 

Skim 
milk 2 
and 
alfalfa 
hay 

Whoie 
milk,2 
alfalfa 
hay,and 
grain 

Skim 
milk 2 
and 
alfalfa 
hay 

Whole 
milk,3 
alfalfa 
hay,and 
grain 

Skim 
milk 2 
and 
alfalfa 
hay 

Skim milk,2 
alfalfa hay, 
and 
corn 
silage 

Skim milk,3 
alfalfa hay, 
corn silage, 
and 
grain 


Ponnds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Birth. 

53 

50 

94 

83 

88 

86 

87 

6 months... 

252 

298 

317 

122 

322 

306 

346 

12 months.. 

371 

495 

432 

664 

430 

443 

565 

18 months... 

495 

722 

598 

912 

.560 

644 

800 

24 months.. 

607 

827 

731 

1,110 

767 

802 

1,015 

After first calving. 

666 

879 

855 

1,063 

859 

935 

1,055 

After second calving_J 

734 

863 

956 

1,0.50 

976 

1,077 

1,112 

After third calving. 1 

835 

928 

1,081 

1,142 

< 1,059 

n,156 

* 1,250 

After fourth calving.. 1 

1 875 

941 

1,149 

1,261 












HEIGHT AT AVITHERS 


• 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Inches 

Birth (or 1 month)_.. 

27.6 

27.4 

30.3 

30.7 

30.1 

30.5 

30.3 

6 months_ 

35.2 

36.4 

38.6 

41.1 

38.7 

38.6 

39.6 

12 months... 

40.5 

42.9 

42.2 

46.3 

42.0 

42.8 

44.8 

18 months__ 

43,3 

46.5 

45.7 

49.6 

45. 8 

46.7 

48.7 

24 months.. 

45.5 

f7.8 

48.4 

51.2 

48.2 

49.2 

50.6 

36 months .. 

47.7 

49.2 

50.4 

52.6 

49.9 

51.3 

.52.3 

48 months _ 

48.3 

49,4 

51.4 

53.1 

.50.9 

52.2 

.53.4 

60 months. - 

1 

48.2 ! 

1 49.4 

.52.1 1 

.53.4 

.51.3 

52. 5 

.53.2 


1 Light and heavy rations fed to first calving. After first calving all heifers received a normal ration con¬ 
sisting of alfalfa hay, corn silage with grain according to milk production (corn 4, bran 2, linseed meal 1) (m). 
1 Fed the same ration before first calving and through the first and second lactations (9SS), 

* Whole milk fed first 2 to 4 weeks on all rations. No milk fed after 6 months of age. 

* Weights taken at 60 months of age, or at end of second lactation. 


Reed, Fitch, and Cave raised Holstein heifers on a ration consisting 
of whole milk to 1 month, skim milk to 6 months, alfalfa hay, com 
silage, and grain. The heifers were fed the same ration during the 
first two lactation periods. These heifers were slightly below normal 
in weight and in height at withers at 2 years of age. After calving, 
their g^wth continued at a normal or slightly above normal rate, 
and at 6 years of age, their height at withers was approximately 
normal (table 5). 
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Eckles raised Jersey and Holstein heifers, and Reed, Fitch, and 
Cave raised Holstein heifers to first calving on a light or scanty 
ration. The ration fed in both cases consisted of whole milk to 2 or 4 
weeks, skim milk to 6 months, and alfalfa hay. Some of the Missouri 
heifers also received a little pasture. Both the Missouri and Kansas 
heifers grew at a considerably retarded rate and were considerably 
below normal in weight and height at withers from birth to 2 years 
of age (table 5). Following calving, the Missouri heifers received a 
good ration consisting of alfalfa hay, coni silage, and grain, and were 
able partly to make up this growth shortage by growing at a slightly 
accelerated rate from first calving to 5 years. The Kansas heifers, on 
the other hand, continued to receive a scanty ration during the first 
two lactations and were considerably below normal in height at 
withers at 5 years of age. 

Reed, Fitch, and Cave also raised Holstein heifers on a ration that 
was intermediate between light and liberal. This ration consisted of 
whole milk to 1 month, skim milk to 6 months, alfalfa hay, and com 
silage. The same ration was fed during the first two lactation periods. 
The heifers were intermediate in weight and in height at withers 
betw'een the lightly and liberally fed gr()ui)s at both 2 and 5 years 
of age (table 5). 

The average age of the heifers on the different rations at the first 
estrus (heat) period as noted by Eckles for the Missouri heifers was 
about 9 months on the liberaf ration and 12 months on the light 
ration. 

Eckles’ data showed that gestation had very little effect on the 
growth rate of dairy heifers, but that after calving heifers grew' at a 
considerably slow'er I’ate than pregnant heifers of the same age. A 
combination of heavy feeding and late first calving (over 30 months 
of age) was found to produce the largest heifei's. Heavily fed heifers 
that calved early (from less than 2 years to about 27 months of age) 
did not reach quite the size at maturity as those calving later. Lightly 
fed. late-calving heifers attained about the same size at maturity as 
heavily fed, early-calving heifei's. On the other hand, lightly fed, 
early-calving heifers were considerably below normal in size at ma¬ 
turity. A combination of scanty feeding and early calving was con¬ 
sidered by Eckles to be the cause of many of the undersized cow's 
found in dairy herds. Such cow's undoubtedly produce somewhat less 
milk and butterfat at maturity than they W'ould have if raised to a 
normal size. However, Eckles as well as Reed and his coworkers found 
that, considering their size, cows raised on scanty rations produced 

i 'ust about as well later on w'hen fed liberal rations as cows raised from 
)irth on liberal rations. 

Turner {1153) studied the influence of age at first calving on milk 
production during the first lactation of large numbers of Ayrshire, 
Guernsey, Holstein, and Jersey cow's on yearly Advanced Registry or 
Register of Merit tests. He found that as "age at first calving in¬ 
creased, up to about 36 months, there was an increase in milk and 
butterfat production with age, in quantities that seemed to be closely 
correlated with tlie growth or increase in size of the animal. The in¬ 
crease in production was found to be very small between 30 and 36 
months of age, and the heifers produced only 5 to 10 percent less than 
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the quantity of milk when calving for the first time at 23 

to 28 months of age. ^ . jut* 

Data by Eckles (m) for Jersey and Holstein cows, and by Beam 
(72) of the Pennsylvania Agricultural Experiment Station for Cjiiem- 
sey cows, show that as the age at first calving increased up to almut 
36 months, the average butterfat production per lactetion fOT the firet 
3 lactations (Eckles) and 5 lactations (Bean^) also mcreased slightly. 
On the other hand, data by Chapman and Dickerson (199), which are 
presented in table 6 and which mclude 253 Holstein cows, each with 
5 lactations, on 40 Wisconsin farms, show that the butterfat that the 
heifers would have produced if milking, at any calving age from 22 
to 23 months of age or older, would have more than offset the increased 
butterfat production per lactation caused by delayed calving. For 
example, the total butterfat production to 7 years of age was 1,930 
pounds for cows calving at 22 to 23 months, 1,910 pounds for cows 
calving at 24 to 25 months, and 1,810 pounds for cows calving at 26 
to 27 months, the total quantity decreasing regularly until for cows 
calving at 34 to 35 months the total butterfat production to 7 years 
of age amounted to only 1,640 pounds. 


Table 6. —Relation of age at first calving to butterfat prodwtion for the first five lactations 
and to 7 years of age^ and to the estimated mature live weight of the cows ^ 






Age at first calving 




Item 

18-21 

months 

22-23 

months 

24-25 

1 months 

1 

1 

26-27 

months 

28-29 

months 

30-31 

months 

i 32-33 
months 

34-35 

months 

36-42 

months 

Cows.number.. 

10 

^ 14 

56 

58 

36 

15 

24 

23 

17 

Average age at first calving 
months.. 

19.3 

22.6 

24.4 

26.4 

•28.6 

30.3 

32.6 

34.5 

38.2 

Butterfat production, first 
lactation_ . pounds. 

266 

335 

330 

311 

327 

355 

373 

333 

372 

Total butterfat production, 
first five lactations 

pounds. - 

1,868 

1,963 

1,912 

1,875 

1,900 

1,966 

2,000 

2,048 

2,016 

Average age at end of 5 lac¬ 
tations_months.. 

84 

86 

84 

87 

89 

92 

96 

98 

103 

Time from first calving to 
end of fifth lactation 

months. _ 

65 

63 

60 

61 

60 

61 

64 

64 

65 

Butterfat production per 
month > .pounds.. 

‘29 

31 

32 

31 

32 

32 

31 

32 

31 

Butterfat production to 84 
months of age.. .pounds.. 

1,870 

1,930 

1,910 

1,810 

1,760 

1,720 

1,580 

1,640 

1,490 

Estimated mature live 
weight...iiounds-. 

1,250 

1,260 

i 1 

1,250 

1,260 

1 

1,240 

1,220 

1,310 

1,300 

1,360 


* Data by Chapman and Dickerson (199) for 253 Holstein cows in 40 Wisconsin herds. 
»Includes dry periods. 


Another factor to be considered is the cost of raising the heifer to a 
producing age. As th« age at first calving increases, the cost of raising 
heifers to a producing age also mcreases. The feeding of scanty 
rations may be false economy, as it retards the growth of the heifer 
and increases the age at wmch she should calve for the first time, 
and she may resume as much total feed to producii^ age as a well- 
fed heifer. This is demonstrated by the data of Reed, Fitch, and 
Cave (9SS). Holstein heifers raised on skim milk and alfalfa hay 
without any grain were considerably below normal in size for age. 
They calved at an average age of 31.2 months with a live weight after 
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calviiig of 767 pounds, consuming 420.3 pounds of whole milk, 2,360.7 
of skim milk, and 12,918.2 of alfalfa hay, with a total feed cost of 
$86.39. _ Holstein heifers raised on skim milk, alfalfa hay, com silage, 
and grain were about normal in size for age. Calving at an average 
age of 25 months with a live weight after calving of 983 pounds, they 
consumed 351.7 pounds of whole milk, 2,449.7 of skim milk, 5,480.1 
of alfalfa hay, 7,265 of com silage, and 1,947.1 of grain, with a total 
feed cost of $88.51. Calving at an average age of 28.4 months with 
a live weight after calving of 1,055 pounds, they consumed 354 
pounds of whole milk, 2,388 of skim milk, 8,085.7 of alfalfa hay. 
0,423.7 of com silage, and 2,184.8 of grain, with a total feed cost of 
$102.23. 

Considered from all angles, the feeding of dairy heifers so that 
they will grow at a rate about equal to that indicated by the Rags¬ 
dale and Fohrman-Swett growth standards (table 7, p. 625) will 
usually be the most satisfactory as well as the most economical prac¬ 
tice. Such heifers will be sufficiently large and mature so that they 
can be bred at 15 to 18 months of age to calve when 24 to 27 months 
old. If properly managed and liberally fed after calving, heifers 
calving at this age will continue to grow at a nearly normal rate, and 
barring accident or disease, will produce the largest quantity of milk 
and butterfat up to a mature age and over an entire lifetime. 

RAISING THE BULL CALF 

The bull calf is sightly larger at birth than the heifer calf and will 
have a considerably larger size at maturity. He soon starts to grow 
at a more rapid rate than the heifer, and if given all the feed he re¬ 
quires, will be noticeably larger at 6 months of age. For Holsteins, 
this difference in size on good feeding may amount to over 100 pounds 
at 1 year of age, to 300 at 18 months, and to 350 pounds at 2 years; 
and for Jerseys, to 80 pounds at 1 year, to 140 at 18 months, and to 
230 pounds at 2 years (tables 7 and 8, pp. 625 and 626). 

The young bull calf should have about the same kind of feed and 
care as the yoiing heifer calf. The two can be raised together at 
first, but after about 4 months of age bull calves should be kept in 
separate pens and lots. Because of the bull calf’s more rapid growth 
rate and larger feed requirements he will need somewhat larger 
quantities of feed after he has reached 6 months of age. 

The bull calf should have liberal quantities of good legume or mixed 
grass and legume hay, and all the grain he will eat up to 4 to 6 pounds 
daily to 6 months of age. With good hay fed in fairly liberal quan¬ 
tities the amount of grain reqiured to keep a bull growing satisfac¬ 
torily from 6 months of age on will rarely exceed 4 to 5 pounds daily. 
If a limited quantity of h^ is fed or the hay is of poor quality, more 
grain may be required. The grain mixture should contain sufficient 
protein to supplement the roughage properly. Suitable grain mix¬ 
tures are listed in table 4 (p. 614). Oats and linseed meal are par¬ 
ticularly desirable ingredients to include in grain mixtures for dairy 
bulls. Silage is a bulky feed and has a tendency to distend the 
paunch, but it may be fed begiiuiing at 3 or 4 months of age if limited 
to quantities not exceeding 1 pound a day for each month of age, 
or a total of not over 8 to 10 pounds daily for bulls 1 year old and 
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10 to 15 pounds daily for bulls 1 to 2 years of age or over. Moderate 
quantities of roots or other succulents or green forage crops in season 
may also be fed. A good-sized lot or small pasture that provides 
some green grass and considerable exercise is also desirable for growing 
bulls. 

If in good growth and well developed, the dany buU will be old 
enough for light service when 12 months old. His feeding from this 
time on should be such that he will be neither too fat nor too thin and 
will make about normal growth. The roughage fed should be limited 
to quantities that will not develop too much middle so that the bull 
will remain active and vigorous. More detailed information on the 
feeding and handling of dairy bulls will be found in Farmers^ Bulletin 
1412, Care and Management of Dairy Bulls {270). 

NUTRITIONAL REQUIREMENTS 

RATES OF GROWTH 

Data on the size of well-fed dairy heifers at various ages and at n'laturity and 
on the rate of growth from birth to maturity, as measured by body weight and by 
height at withers, have recently been compiled by Ragsdale (.9^1)® and by Fohrman 
and Swett.^o These data are presented in table 7. The data of Ragsdale include 
heifers of the Ayrshire, Guernsey, Holstein, and Jersey breeds. Those of Fohrman 
and Swett include Holstein and Jersey heifers. The rate of growth and mature 
size of individual animals varies somewhat within each group shown. The 
Bureau of Dairy Industry Holstein and Jersey heifers grew at a little faster rate 
and were slightly larger at maturity than the Missouri, Iowa, and Kansas Holstein 
and Jersey heifers. 

Body weight and height at withers increase most rapidly from birth to 6 or 9 
months of age, then gradually slow down until the animal reaches maturity. 
Live weight increases very slowly after 6 years of age, with maximum weight at 
about 7 years. Height at withers increases very slowly after 4 or 5 years of age, 
with maximum height at 5 to 6 years. The live weight of the heifers at 2 years 
of age was 902 pounds for Ayrshires, 818 for Guernseys, 1,069 and 1,103, respec¬ 
tively, for Ragsdale and Fohrman-Svrett Holsteins, and 733 and 805, respectively, 
for Ragsdale and Fohrman-Swett Jerseys. At 2 years of age, the heifers averaged 
75.7 to 80.4 percent of their mature weight and 94.8 to 96.8 percent of their 
mature height. 

Data on the body weight and height at withers of dairy bulls of the Ayrshire, 
Guernsey, Holstein, and Jersey breeds, compiled by Ragsdale (941), are presented 
in table 8. Because of the small number of animals of older ages on which data 
are available, these data are limited in the table to 9 months of age for Ayrshires, 
12 for Guernseys, and 24 for Holsteins and Jerseys. Bulls are larger at birth and 
grow more rapidly than heifers. 

Tables 7 and 8 may be taken to indicate the normal age weight of these breeds 
of dairy cattle and may be used to determine whether or not the young stock in 
a herd are growing at a satisfactory rate. The data of Moseley, Stuart, and 
Graves (82S) on the effect of pregnancy on the live weight of Holstein cows, and 
that of Espe, Cannon, and Hanson {333) for Holstein, Jersey, Guernsey, and 
Ayrshire cows, indicate that at calving time the weight of the calf, placenta, and 
amniotic fluid will range from less than 100 pounds to more than 150 pounds 
depending on the breed. Four to six weeks after calving the cow may weigh 25 
to 50 pounds less than immediately after calving owing to a rapid loss of flesh 
while milking heavily and failure to consume enough feed to meet total nutrient 
requirements. 

There is a close relationship between the weight of dairy cattle and the distance 
around the chest just back of the forelegs. When it is not practical to weigh the 
animals, their weight can be estimated closely by measuring at thii? point. Tables 
l^ing chest measurements in inches and the corresponding live weight of the 

^ Includes growing dairy cattle located in the dairy herds of the Missouri, Iowa, and Kansas Agricul¬ 
tural Experiment Stations. 

10 Unpublished data, collected from 1020 to 1038, on the growth of dairy cattle in the breeding herd of 
the Bureau of Dairy Industry, Agricultural Research Center, Beltsville, Md. 
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animal have been compiled by Kendrick and Parker ‘‘ from Bureau of Dairy 
Industry data, by Ragsdale and Brody (9/,S) from Missouri data, and by Davis 
and Morgan {269) from Nebraska data. 

Table 7 .—Live u^ight and height at withers of ivell~fed dairy heifers at different ages 

from birth to 7 years 


Uufjsdah* ' I Kolirrnan iind Swott * 



Ayrshire 

(luern.s<‘y 

Holstein 1 

Jersey 

Holstein 

Jersey 



S 


U. 



1 






Age 


V 

A 


O) 

A 






A 



(months) 




•ts 




•ts 




.ti 



it 


b 


b 


b 


b 


'•f. 


A 

bC 

oc 

A 

bL 

o3 

, A 

U 

« 


a 

A 

3 


A 

W) 

- 


% 

.c 

b 

A 

b 


b 

A 

b 

jC 

b 



> 

‘S 


U 

"oJ 


u 

'Z> 


*3 

& 

‘3 


‘3 


J 

X 


X 




I 1 

J 

X 

J 



Lb. 

iJn. 

Lb. 

In. 

L/i. 

In. 

Uj. 

In. 

Lh. 

In. 

Lb. 

In 

Birth, . _ _ 

72 

27.6 

65 

26.6 

90 

29. 1 

5:t 

2.5.7 ! 

91 


56 


1 _ .. __ 

89 

28.6 

77 

28.2 

112 

30. 6 

67 

27.0 1 

118 


72 


2 __ 

119 

30.2 

102 

29. H 

148 

32. 

90 

28.9 

1.57 


102 


3 

158 

31.9 

i:i3 

31.6 

193 

34. 3 

121 

30. r» 

204 

34. 6 

137 

31.‘1 

4 , ... 

198 

34.0 

173 

33. 5 

243 

36. 2 

1.58 

32. i\ 

2.57 

178 

5...-. 

245 

35.5 

216 

35.3 

297 

:47.7 

199 

34. .5 

317 


226 


6 ... . 

293 

37.2 

260 

:i6.9 

355 

39. 7 ! 

243 

36. 2 

37.5 

40.0 

27.3 

37. .5 

9... 

433 

40.9 

389 

40.9 

,509 

43.5 

:i6o 

40.1 

535 

43.8 

404 

41 2 

12. 

538 

43.2 

490 

43.3 

632 

46.0 

450 

42.2 

685 

46.4 

512 

4.3. 2 

15 . . _ - 

638 

45.1 

584 

4.5.0 

746 

47.9 

5.35 

4 : 3.9 

78,5 

579 

18 . . 

725 

46.5 

663 

46.4 

845 

49.3 

IKll 

4.5. 2 

889 

49. 7 

654 

16.0 

21 . 

818 

47.6 ; 

737 

47.3 

952 

50.6 

665 

46.2 

1,002 

729 

24 . 

002 

48.3 

818 

48.0 

1,069 

51.7 

733 

46. 9 

1, 103 
1,146 


805 

1 

27 . 

909 

48.1 

876 

48.9 

1,151 

52. 2 

816 

47.7 


847 

1 

30 . 

945 

48. 3 

880 

49. 3 

1,120 

52. 5 

824 

47.9 

1,167 

.52.7 

872 

i ^ 48. .5 

33 .... 

965 

48.9 

(K).5 1 

49. 7 

i,i:io 

.52. 7 

832 

48.0 

1,209 


898 

1 

36 __-. 

968 

48.7 

901 

49.9 

1, 165 ! 

53.0 

8.55 

48.2 

1,265 


927 


:j9 

1,007 

49. 1 

924 

,50.0 

1,176 

.53.1 

H9t) 

48.6 ' 

1,296 


9.50 


42 . 

1,014 

49.9 

952 

49.9 

1,202 i 

.53.2 

895 

48.6 1 

1,292 


9.5.5 


45 ... 

1,038 

,50.0 

971 

.50.1 

1,197 

.53. 2 

898 

48. .5 

1,294 

^53.6 

9.54 

'• 49. i 

48- ... 

1,0.35 

50,2 ! 

990 

.50.4 

1,232 

5:1. ;i 

897 

48. 5 

1,,329 1 


9.59 


54 .-.. 

1,058 

50.3 

1,024 

.50. 5 

1,271 i 

5.3. 6 

9.52 

48.6 

1,343 


9(M) 


00 . 

1,080 

50.4 

1,055 

,50.6 

1,330 

.53.6 

9:17 

49.0 

1,367 


994 


66 .. 

1,0.55 

49.2 

1,051 

50.0 

1,312 i 

.5.3. 7 

9.5.5 

48. 7 

1,.3H.3 


1,007 


72 . 

1,132 

49.1 

1,093 

49.7 

1,317 ! 

.53. 7 

973 

4.8.4 

1,400 

7 54.2 

1,0.34 

1 ‘ to.'i 

78 - ... 

1,080 
1,122 

48.9 

1,084 

49.4 

1,357 

1,401 

54.0 

998 

48.6 

1,4.36 ! 


1,0.59 


84 .. 

48.7 

1,066 

49.3 

53. 7 

969 

48.0 

1,424 


l.OtU 


Average daily gains in 





1 i ve Aveight to 2 years: 









1..53 




Birth to 6 months 

1.21 


1.07 


1.45 


1.04 



1. 19 

- 

6 to 12 months. - _ 

1.34 


1.26 


1..52 


1.13 


1.70 

. . 

1.31 


12 to 18 months. -- 

1.02 


.95 

_ 

1. 17 


.83 

_ 

1. 12 


.78 

- 

18 to 24 months 

.97 


.86 


1.23 


.72 


1.17 


.83 










Birth to 24 months. _. 

1.14 


1.03 


1.34 

-- 

.93 


1.38 


1.03 

i ---- 


» Includes animals in the herds of the Missouri, Iowa, an<l Kansas Agricultural KxiKjrinient Stat ions 
Ayrshire weight data include 100 head or more to 16 months, 87 at 24 months, 20 at T) years, and 16 at 7 years; 
llolsteins, 200 head or more to 12 months, 140 at 2 years, 41 at 6 years, 27 at 7 years; Jerseys, lf>0 or more to 12 
months, 118 at 2 years, 36 at 5 years, and 2.5 at 7 years. The number of animals included in height at withers 
data is only slightly smaller. 

* Unpublished data on the growth of dairy cattle in the herd of the Bureau of Dairy Industry, Kasearch 
('enter for Agriculture, BeltsvUle, Md, The <lata on live weight were collected by M. 11. Fohrman from 1920 
to 1938. ' Holstein data include over 200 head to 16 months, 182 at 2 years, 107 at 6 years, and 64 at 7 years. 
Jersey data include 200 head or more to 2 years, 130 at 6 years, and 87 at 7 years. The data on height at 
withers were collected by W. W. Swett and (\ A, Matthews from 1924 to 1938. The measurements beyond 
18 months were taken at approximately 3 to 4 months after first calving, second calving, and a calving at 
approximately mature age. Holstein data include 130 to 184 anirnals to 18 months, and 136, 82, and 50 
animals, respectively, 3 to 4 months after first calving,* second calving,' and a mature-age calving." Jersey 
data include 136 to 222 animals to 18 months, and 160, 86, and 68 animals, resi)ectively, 3 to 4 months afier 
first calving,* second calving,* and a mature-age calving." 

* Average ages 2 years 6 months 26 days. " 3 years 9 months 20 days. 

* 2 years 6 months 2 days. ^ 6 years 1 month 17 days. 

» 3 years 8 months 13 days. “ 6 years 1 month 12 days. 


u Kendrick, J. F., and Parker, J. B. estimatino titf weiutit of dairy cows from heart oirth 
MEASUREMENTS. U. S. Bur. Dairy Indus. B. I). 1. M. No. 69.5, 2 pp. 1936. [Mimeographetl.] 

141394®—.39-41 
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Table 8.— 


Live weight and height at withers of well fed dairy bulls at different ages from 
birth to 2 years ' 


Ago (months) 

1 Ayrshire 

Guernsey 

Holstein 

Jersey 

Weight 

Height 

Weight 

Height 

Weight 

Height 

Weight 

Height 


Pounds 

Inches 

Pounds 

Inches 

Pounds 

Inches 

Pounds 

Inches 

Birth.. 

81 

27.9 

71 

27.7 

94 

29.4 

60 

26.2 

1... 

101 

29.4 

87 

29.3 

125 

31.2 

78 1 

27.9 

2... 

133 

30.9 

113 

30.6 

164 

33.2 

104 

29.7 

3 .-. 

173 

32.7 

147 

32.4 

214 

34.8 

141 

31.5 

4.. 

217 

34. .5 

190 

34.2 

269 

36.4 

184 

33.6 

5 .. 

267 

36. 1 

237 

36. 1 

336 

38.8 

233 

35. 5 

f».. 

321 

37.9 

291 

37.8 

399 

40.5 

282 

37. 2 

9.. 

488 

41.8 

443 

41 5 

563 

44.2 

410 

40 4 

12 



609 

44.5 

741 

47. .5 

531 

43. 0 

15 . 





978 

49.7 

643 

45. 5 

18 . 





1,176 

52. 2 

745 

47. 5 

21 - . 





1,345 

54.3 

875 

48. 0 

24 . 





1,438 

55. 9 

969 

50. 3 











1 Compiled by Ragsdale (HI). Includes animals in the herds of the Missouri, Iowa, and Kansas State 
Agricultural Experiment Stations. The number of animals included for Ayrshires were 92 at birth and 
31 at 9 months; for Guernseys, 50 at birth and 15 at 9 months; for Holsteins, 159 at birth, 120 at 6 months, 
35 at 12 months, and 2 at 24 months; Jerseys, 100 at birth, 82 at 6 months, 23 at 12 months and 3 at 24 
months. 

FEED REQUIREMENTS FOR GROWTH 

The feed constituents on which young dairy cattle grow are proteins, carbohy¬ 
drates (including sugars, starches, and crude fiber), fats, minerals, and vitamins. 
Collectively, the digestible part of these constituents in feeds (including digestible 
fat multiplied by 2.25) is termed ‘^total digestible nutrients.Water contains no 
feed nutrients, but it also is vital to life and growth. Many experiments have 
been conducted to determine the nutritional requirements of growing dairy ani¬ 
mals for the various constituents, and a number of feeding standards have been 
proposed. 

The first feeding standards for growing dairy cattle used in this country origi¬ 
nated in Europe. The Wolff-Lehmann standard, published by Henry (606), 
proposed quantities of digestible crude protein and total digestible nutrients per 
day per 1,000 pounds live weight, for maintenance and growth combined. Armsby 
(32) reviewed the work of many European investigators including that of Kellner 
and proposed a feeding standard that gave quantities of feed nutrients in terms 
of net energy and digestible crude protein per animal per day for maintenance 
alone and for maintenance and growth combined. Since then Morrison (819) 
has revised the Wolff-Lehmann feeding standard as a result of American experi¬ 
ments. This standard, now known as the Morrison feeding standard, proposes 
minimum and maximum quantities of digestible crude protein and total digestible 
nutrients (also net energy) to feed per animal per day for maintenance and growth 
combined. Gullickson and Pickles (297, 449) conducted feeding trials with Hol¬ 
stein and Jersey heifers and have proposed total digestible nutrient requirements 
per animal per day for maintenance and for growth. Mitchell (795) has reviewed 
many American protein experiments and proposed minimum protein require¬ 
ments for maintenance and for maintenance and growth. Brody, Procter, and 
Ashworth (157) have calculated from the energy metabolism of fasting animals 
and from the protein metabolism of animals on a protein-free or very low protein 
diet, the total digestible^ nutrient and digestible crude protein requirements for 
the maintenance of all kinds and sizes of animals, including growing dairy cattle. 

Total Digestible Nutrient Requirements 

In feeding growing dairy cattle, it is necessary to provide plenty of total 
digestible nutrients or total energy for maintenance and normal growth. Energy 
is used up in the processes of digestion and metabolism, in maintaining the tem¬ 
perature of the body at blood heat, and in breathing and exercising. Energy is 
also stored in the gains in live weight made by the growing animal in the form of 
protein and fat. The quantity of total digestible nutrients required for main¬ 
tenance and normal growth may vary considerably. 
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Table 9 gives the quantities of total digestible nutrients required for main¬ 
tenance and growth combined, as profmsed by Morrison and recpiircments 

for maintenance, for 1 pound of gain, and for maintenance and growth combined, 
based on the experiments of Gullickson and lOckJes with Holstein and Jersey 
heifers. In calculating the Gullickson-Kekles re(|uirem(;nts, the figures used for 
maintenance are those given by Gullickson and Kckh's tlu^ requiremcuits 

per pound of gain were obtained by applying a straight-line fornuila after the 
method of Mills {792) to the original data of Kckles and Gullickson {297) for 
digestible nutrients, above the maintenance requinunent, consumed per j)ouikI of 
gain by Holstein and Jersey heifers making about normal growth; and the* total 
requirements for maintenance and growth are bast'fl on growth at a rate (‘(piivalent 
to an average of that shown by Ragsdale and by Fohrman and Swedt in table 7 
for Holstein and Jersey heifers. 

'^rABLE 9.— Total diffpstihle nutrieiUs pvr head daily retpiired for ffrotrth of dairy rattle^ 
calculated from the Gulliekson-Kckles data, and compared with the 
Morrison feeditif* standard 


r<»fnl (liiic.sfihlc ixt Ik'juI iIm'Iv 


Live of animal 

fl)oiin(ls) 


Normal daily 
pains in livo 
weight * 


! 

Hol- 

sU'in 

heifers 

Jersey 

heif(‘rs 

1 

Pounds 

Pounds 

75 ... 


0.00 

100 ... 

0. 80 

1.00 

150 . 

1. 40 

i.:k) 

200. .- 

1.05 

1.40 

250.. .. 

1.80 

1.55 

300 .. 

1.90 

1.40 

350 

1.90 

1.30 

400. ... 

1.85 

1.20 

450 _____ 

1.75 

1.10 

500 -__ . _ 

1.05 

l.(K) 

550 _ _ 

1.55 ' 

.IX) 

000 _ ... . 

1.40 

.80 

050. .... 

1.30 

.80 

700 ___ 

1.25 

.90 

750 ___ .. 

1.20 

l.(M) 

800- ___ 

1.20 

1.10 

850 ___ 

1.20 


900 .. 

1. 25 


9.50___ 

1.30 


1,000__ _ 

1.35 



I 


I main Io¬ 
na nc(* 


PotindH 

0. 78 

1. r»o 

2. 17 
2.81 
:i4I 

! 3.98 

4. fK) 
5.00 
fi. 4r» 

r.. H7 
24 
(i. 59 
n. 89 
7. 10 
7. :i9 
7. 59 
7.74 
7.87 
7. 95 


(lulliokson-P'cklos 


For I pound 
of pain 


liol- 

.stein 

heifers 

J<TSey 

heif(‘rs 

J*ouiids 

J*on nds 

1.08 

’ 1..585 

1.13 

1.018 

1. 18 

1.034 

l.2:i 

1.051 

1.28 

1.007 

1.33 

1.08:1 

1.38 

1.7(H) 

1.43 

1.710 

1.48 

1. 733 

1..53 

1.749 

r. 58 

1.705 

1.0.3 ! 

1.782 

1.08 

1.798 

1.73 

1.814 

1.78 

1.H31 

1.83 

1.847 

1.88 

1.8o;i 

1.93 

1.880 

1.98 

1.8% 


For main- 


((‘iiauee and 
growth * 

Hol¬ 

stein 

heiOTS 

Jersey 

h(*if(*rs 

J*oii nds 

J*on nds 


1..53 

1.04 

2. 30 

:i. 08 

3. (H) 

1.12 

4. 54 

5.02 

5. 37 

5. 84 

5.74 

0. 51 

0. 17 

7.05 

0. 54 

7. .50 

0. 89 

7. 89 

7. 18 

8.24 

7.44 

8.45 < 

7. 05 

8.71 

8.01 

8. 99 

8. 51 

9. 24 

8. 97 

9. .5:1 

9. 79 
10.09 

10. :18 

9. 40 

10. 02 

— 


Morrisoii ^ 


For main- 
tonanot* and 
arow til 


.Mini- 

.Maxi- 

mum 

mum 

Pounds 

t*ou nds 

I 

1.2 

1 2.0 

2.3 

1 3.0 

:i.3 

4.0 

4.1 

4.8 

4.9 

5. 5 

5. 5 

0, 1 

0. 1 

0. 0 

0. 5 

7.2 

0. 9 

7.7 

7.3 

8. 2 

7. 7 

8.7 

8. 1 

9. 2 

8.4 

9.7 

.8.8 

10.2 

9. 1 

10.7 

9.5 

11.2 

9.8 

11.7 

10.1 

12. 2 

10 1 

12. 0 


* Calculated from Ragsdale and Fohrinan-Swott data given in tabl(^ 7. 

* As calculated by Gullickson and Eckles m9) applying method of least sijuares to data. 

s Calculated from the original data of Eckles and Gullickson (f.97) using the stniight-line formula of Mills 
(7Pf). 

* Gullickson-Eckles maintenance and growth refiuireiiients applied to Ragsdale ami Fohrman-Swett 
daily gains in live weight. 

* Intermediate figures added to Morrison’s table at 350, 450, 550, 050, 750, 850, and 050 i>ounds liv<‘ weight. 


The Gullickson-Kckles maintenance requirement of 7.95 pounds total digestible 
nutrients at 1,000 pounds live weight coincides with that of llat'cker for dairy 
cows, which is used by Savage and by Morrison. For animals under 1,000 pounds 
live weight, the maintenance requirement up to 300 pounds is loss, and over 300 
pounds is greater than an amount calculated on the two-thirds power of the live 
weight. 

The quantity of total digestible nutrients required for 1 pound of gain is higher 
for Jerseys than for Holsteins of the same live weight. On the other hand, the 
Holsteins made larger average daily gains than the Jerseys, and the total require¬ 
ments for maintenance and growth combined are approximately the same for Hol¬ 
steins and Jerseys of the same live weight. 
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The total requirements for maintenance and growth combined equal or exceed 
the Morrison maximum requirements \ip to a live weight of 500 pounds for Hol- 
steins and 360 pounds for Jersevs, after which they gradually approach the Morri¬ 
son minimum requirements, until at 800 pounds live weight for Jerseys and 1,000 
pounds for Holsteins thev are only slightlj^ above the Morrison minimum. 

In controlled feeding experiments involving a limited number of animals. Con¬ 
verse *2 raised Holstein and Jersey heifers (five of each breed) from birth to 2 years 
of age, with growth at a normal rate, on a ration that provided nutrients at about 
the rate shown by the Gullickson-Ecklcs data, but with slightly less nutrients after 
the heifers were 1 vear old than these data called for. These heifers were fed whole 
milk to 1 month, and skim milk in moderate quantities to G months, together with 
moderate quantities of grain and liberal quantities of good roughage. The heifers 
made as good growth for age as heifers of the same breed reported by Ragsdale 
{ 942 ) y which were fed somewhat more total digestible nutrients after 16 months of 
age in a ration that consisted of whole milk to 1 month and liberal quantities of 
skim milk to 6 or 8 months, together with liberal quantities of grain and limited 
quantities of roughage. 

Protein Requirements 

Supplying plenty of protein according to the growing animars needs is as im¬ 
portant as supplying plenty of energy. The proteins are complex nitrogenous 
compounds made up of simpler substances known as amino acids. Of the 22 
known amino acids only 10 have been found to be essential for normal growth with 
the rat. No experiments of this sort have been conducted with larger animals. 

Most of the gain in live weight made by growing dairy animals consists of lean 
or muscular tissue high in protein content. The protein content of the gains made 
by normally growing dairy animals is no doubt quite similar to that found by 
Moulton, Trowbridge, and Haigh {826) for growing young stock. They found 
that the protein content of the gains made by steers fed enough nutrients for 
nearly normal growth with little or no fattening was about 22 percent for a calf 
weighing 100 pounds, decreasing gradually to about 14 percent for an animal 
weighing about 1,000 pounds. Because of the changes in both the rate of gain in 
live weight and the percentage of protein in the gains made, the quantity of pro¬ 
tein required for growth increases rapidly from birth until the animal is making the 
greatest gains, declines slowly during the period of greatest gains, and then de¬ 
clines more rapidly as the rate of gain declines. 

In addition to that stored in the lean tissues of the growing animal's body, pro¬ 
tein is used up or lost in the processes of digestion and metabolism required to 
maintain the body. Instead of being stored, this protein is broken down (katabol- 
ized) and excreted as waste products, principally in the urine. The quantity of 
protein required for maintenance is small at first because of the small size of the 
animal. As the size of the animal increases, the total quantity of protein required for 
maintenance also increases, the increase being proportional to the increase in size. 

The amount of protein required for normal growth by young dairy stock of the 
same age and size may vary widely depending upon the nature of the ration and 
the quantity fed. A minimum quantity of protein will be required if the ration 
provides an ample supply both of energy and of protein that contains all the essen¬ 
tial amino acids. On the other hand, considerably more protein m^ be required 
if that supplied is low in one or more of the essential amino acids. If the amount 
of energy supplied for growth is inadequate, more protein will also be required, 
since part or the protein will be used up as a source of energy and will not be 
available for body building and repair. If the ration contains a considerable 
excess of protein it will not be efficiently utilized, but this may be compensated for 
by a more than normal rate of growth, provided the ration also contains plenty of 
energy. 

Protein of the highest quality and digestibility for the young calf is provided by 
milk and milk products. Hay moteins are usually relatively low in one or more 
of the essential amino acids. Farm grains usually contain’ the essential amino 
acids that may be lacking in hay, and these two classes of feeds combined furnish 
protein of good quality for growing young stock. Where high-protein concentrates 
are used to balance the ration, they increase the variety of amino acids and tend to 
insure a protein mixture of higher quality for the growing animal. 

u From unpublished reports of experiments by H. T. Converse on the feed requirements for growth in 
daily cattle. The feed consumed, live weight at different ages, and gains made are reported in Farmers' 
Bulletin 1723, Feeding, Care, and Management of Young Dairy Stock {10S7). 
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There is little experimental data on the protein requirements of dairy calves 
under 6 months of age. However, feeding trials to determine the minimum pro¬ 
tein requirements of growing dairy cattle 6 to 24 months old have been conducted 
by Swett, Eckles, and Ragsdale (1116) at the Missouri station, and cooperative 
protein experiments sponsored by the National Research Council have been con¬ 
ducted at a number of other stations. Armsby (32) has reported on the coopera¬ 
tive protein experiments conducted in Massachusetts, Ohio, and Virginia. Forbes, 
Bechdel, Jeffries, and Kriss (370) have reported on the cooperative experiments 
conducted in Pennsylvania, North Dakota, South Dakota, Maryland, and Ne¬ 
braska. These experiments did not indicate a satisfactory minimum protein re¬ 
quirement for normal growth. They did show that if the ration fed provided an 
abundance of energy, growing animals could make normal or nearly normal growth 
on considerably less protein than either the Armsby (32) or the" Wolff-Lehmann 
(606) standards called for. 

In the exptiriment conducted by Swett, Eckles, and Ragsdale, Holstein, and 
Jersey heifers 6 to 24 months old that were fed total nutrients equal to 130 percent 
of the Armsby energy standard made normal growth with about 70 perctmt and 
more than normal growth with about 80 percent of the Wolff-Lehmann protein 
requirements. Other Holstein and Jersey heifers that w(ire fed total nutrients 
equal to only 103 to 107 percent of the Armsby energy standard made less than 
normal growth with about 110 percent of the Wolff-Lehmann protein requirements. 

On the basis of these findings Ijy American experiment stations, Morrison (SI9) 
has proi)osed a range in the quantities of protein allowed in which the minimum 
protein allowance for maintenance and growth combined averages about 80 per¬ 
cent, and thci maximum averages about 90 percent, of the original Wolff-Lehmann 
standard. 

Mitchell (795) has also reviewed these experiments and has suggested tentative 
minimum protein recpiirements in line with the results sliowii for certain animals 
receiving the lowest protein intake. His tentative i)rotein requirements are con¬ 
siderably lower than the minimum figures of Morrison, the total quantity of pro¬ 
tein for maintenance and growth combined decreasing with the age of the animal. 
In calculating protein requirements for growth, Mitchell allowed twice as much 
digestible protein per pound gain as the data of Moulton, Trowbridge, and Haigh 
(826) indicated was stored in each pound of gain made l)y young steers growing 
normally with very little fattening. In calculating maintenance requirements, 
Mitchell (1086) considered that an allowance of digestible crude protein equivalent 
to twice the quantity of urinary nitrogen exen^ted on a protein-free diet (endo¬ 
genous urinary nitrogen), vari(*d as the 0.734 power of the liv(i weight of the animal, 
would be ample. He regards fecal nitrogen as derived entirely from the ‘‘indi¬ 
gestible'^ protein fraction of the feed and uses a biological value of 50 percent 
for the digestible protein fraction used in maintenance and growth. 

The method used by Mitchell for calculating protein for maintenance allows 
only 0.35 pound of digestible crude protein as compared with the allow^ance for 
maintenance of 0.60 pound of protein by Armsby (33) and by Forbes and Kriss 
(374), 0.60 to 0.65 pound by Morrison (819), and 0.70 pound by Haecker (454) 
and by Brody, Procter, and Ashworth (157). Brody has calculated his mainte¬ 
nance requirements on the basis of endogenous urinary nitrogen, varied as the 
0.72 power of the live weight of the animal, but has allowed digestible crude pro¬ 
tein equivalent to four times the quantity of urinary nitrogen excreted on a pro¬ 
tein-free diet, or double the allowance of Mitchell. Tlu^ methods u.sed by Mitchell 
in arriving at the protein requirements for maintenance are open to some criticism 
because (1) the endogenous nitrogen metabolism of the cow cannot actually be 
determined since any ration that can be fed under present conditions of knowledge 
will always contain some nitrogen, and (2) not all experimenters agree in finding 
that 2 milligrams of endogenous nitrogen is equivalent to 1 calorie of basal heat 
metabolism. 

In table 10 the protein requirements of Holstein and Jersey heifers making 
hormaJ growth have been calculated according to the method of Mitchell, and 
also on the basis of Brody's maintenance and Mitchell's growth requirements, 
and protein allowances by these two standards are compared with the protein 
allowances of the Armsby and Morrison standards. The Armsby standard allows 
as much protein for maintenance and growth as the Morrison maximum up to 
about 500 pounds live weight, after which it corresponds closely to the Momson 
minimum. Mitchell's standard allows more protein than the Morrison maximum 
calls for up to about 400 pounds live weight for Holsteins and 200 pounds live 
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. , . i. T o offor whirl! it drops below the Morrison minimum. The 
weight for , Allows more protein for Holsteins up to about 500 pounds 

Brody-Mitchellstan^^ maximum call, for, and then 

live weight the Arm.bv and to the Morrison minimum requirements. 

corresponds cicely to the Arm^ 

Morrison maSmum standards up to 300 pounds live weight and is then slightly 
below these standards. 


Table 10.—Dteesri6fe crude protein per head dadyfor i<;owmg dx^ c^tle, c^ulaud 
growth rate for tl,e kitehell and Brody-Mttchenf^mg^ 
and comjMired tmth the Armsby ami Morrison feeding standards 


Live weight of 
animal (pounds) 

Normal 
daily 1 gains 
in live 
weight 

Digestible crude protein per head daily 


Mitchell * 

ainte- 
5 and 
svth 

Brod> 

Mitchell 

Armsby * 

1 Morrison 5 

For maintenance 

fl 

'3 

bL 

a 

1 

Ui 

O 

Form 

nanc< 

gro^ 

For maintenance 

For mainte¬ 
nance and 
growth 

For maintenance 

For maintenance 
and growth 

For mainte¬ 
nance and 
growth 

Holstein 

heifers 

Jersey 

heifers 

Holstein 

heifers 

Jersey 

heifers 

Holstein 

heifers 

Jersey 

heifers 

Minimum 

Maximum 


Lb. 

Lb. 

/>. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb. 

Lb 

Lb. 

100. 

0.80 

1 00 

0.06 

0.43 

0.40 

0.49 

0.13 

0.47 

0.56 

0.06 

0. 48 

0.24 

0. 40 

150--. 

1.40 

1.30 

.09 

.43 

.69 

.65 

. 18 

.78 

.64 

.09 1 

.60 

.41 

.52 

200 . 

1.65 

1.40 

.11 

.42 ! 

.80 

.70 

.22 

.91 

.81 

.12 

.72 1 

.52 

.62 

250.. 

1.80 

1.55 

.13 

.42 

.89 

.78 

.25 

1.01 

.90 

.15 

.80 

.61 

.71 

300. 

1.90 

1.40 

.14 

.41 

.92 

.71 

.29 

1.07 

.88 

. 18 

.87 

.67 

.78 

350. 

1.90 

1.30 

, 16 

.40 

.92 

.68 

.33 

1.09 

.85 

.21 

.92 

.73 

.84 

400. 

1,85 

1.20 

.18 

.39 

.90 

.65 

.36 

1.08 

.83 

.24 

.96 

.80 

.90 

500.. 

1.65 

1 . 00 

.21 

.37 

.82 

.58 

.42 

1.03 

.79 

.30 

1.00 

.87 

.98 

600 . 

1.40 

.80 

.24 

.36 

.74 

.53 

.48 

.98 

. 77 

.36 

1.02 

.94 

1.06 

700. 

1.25 

.90 

.27 

,34 

.70 

.58 

.54 

.97 

.85 

.42 

1.02 

1.00 

1. 13 

800__.. 

1.20 

1.10 

,29 

.32 

.67 

.64 

.59 

.07 

.94 

.48 

1.02 

1.06 

1.20 

900 .. 

1.25 


.32 

.30 

.70 


.65 

1.03 


. 54 


1 11 

1 27 

1,000... 

1. 35 


.35 

.28 

.73 


.70 

1.08 

--- 

.60 

— 

1.16 

1.33 


1 Calculated from Ragsdale and Fohrman-Swett data in table 7. 

* Digestible crude protein requirements for maintenance calculated according to Mitchell (Smuts, W86), 
using the following equations: (l),The basal heat metabolism in calories=Q=70.4 in which m is the bod v 
weight in kilograms. (2) \ calorie of basal metabolism corresponds to 2 milligrams of endogenous nitrogen 
metabolism or 12.5 milligrams of endogenous protein metabolism. (3) Grams of protein lost daily in endog¬ 
enous protein metabolisms=P»=0.88 (4) And if the feed protein used to cover this loss has a biological 

value of 50, the digestible feed protein required for maintenancp=1.76 Digestible crude protein for gai n 

in body weight calculated by Mitchell as twice the protein contained in the gain. Body gains used here are 
those reported by Moulton, Trowbridge, and Haigh (826) for steers growing at about a normal rate with 
little or no fattening. 

3 The digestible crude protein for maintenance is calculated by Brody, Procter, and Ashworth (t67) as 
4 times that equivalent to the endogenous nitrogen loss. The endogenous nitrogen loss (N) in milligrams, 
according to Brody, is equivalent to 146 m -72, where m is the weight of the animal in kilograms. The di¬ 
gestible crude protein required for gains in body weight calculated by method of Mitchell (see footnote 2). 

< Armsby s original fe<iuirements (55) transposed from digestible true protein to digestible crude protein 
by adding 20 percent to his figures for true protein, a methoci advocated by Armsbv himself. Where 
Armsby's requirements were not given for live weights shown in the table, the intermediate data were 
calculated as proportional to live weight. 

5 As given by Morrison (819) except that at 350 pounds live weight the averages of the data for 300 and 400 
pounds live weight are used. 


Mitcheirs protein allowance for growth seems ample but his allowance for 
maintenance inadequate. When the calf is small, protein is used principally for 
growth. As the calf gets older more protein is required for maintenance and 
less is used for growth, and the total quantity of protein allowed by the Mitchell 
standard approaches closer and closer to what might be considered a minimum 
under ideal feeding conditions. 

In actual feeding practice, it is wise, as a factor of safety, to provide more 
protein in the ration than the minimum requirement and thus prevent an actual 
shortage of protein in case there is some shortage of total digestible nutrients or 
the ration fed is low in one of the essential amino acids. For this reason, it 
would seem best to feed more protein to growing dairy cattle than is called for 
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by the Amsby or the Morrison ininimum standard. If above-normal growth is 
desired, it is well to feed liberally and allow as much jirotein as is called for by the 
Morrison maximum. Where legume hays are fed, it is possible to provide plenty 
of protein with little cash outlay for purchased feeds, and many rations commonly 
fed to growing dairy cattle contain a considerable excess of protein. 

Minerals 

Mitchell and McClure (SOS') state that calcium, phosphorus, sodium, potassium 
chlorine, magnesium, iron, sulfur, iodine, manganese, copper, zinc, and possibly 
cobalt have been demonstrated as iierforming essential functions in the animal 
body fti^d are therefore iieccissary in the feed. Very few of these elements have 
been shown to be deficient in the normal ration of growing calves. 

Salt 

Of the necessary mineral elements, sodium and chlorine, found in common salt, 
are the only ones always needed as a supplement to normal calf rations. Salt 
may be included as 0.5 to 1.0 j)erceiit of the grain mixture and may also be kept 
in a box available to the calves at all times. 

Calcium and Phosphorus 

Calcium and phosphorus have been reported as deficient in calf rations. The 
actual amounts of these elements necessary for the well-being and maximal 
growth of dairy calves do not seem to be definitely known. The minimum quan¬ 
tities suggested by three State agricultural experiment stations are considerably 
different. As summarizcfl by Mitchell and McClure (SOS) they range from 0.18 
percent (or less) to 0.43 percent of the dry matter in the ration for calcium and 
from 0.10 to 0.20 percent of the dry matter for phosphorus. The Massachusetts 
Agricultural Experiment Station, feeding mixed grass hay (0.40- to 0.54-percent 
calcium) with a very little alfalfa hay during the first year as a low-calcium 
roughage, reported somewhat lower calcium retention, as shown by balance ex¬ 
periments, than when alfalfa hay was fed; and the West Virginia station, feeding 
timothy hay (0.38-percent calcium) as roughage, rcj)orted somewhat lower gains 
at 2 years of age than when alfalfa hay was fed. On the other hand, the Michigan 
station, feeding somewhat smaller amounts of calcium than those reported above, 
reports just as good gains from 6 months of age to first calving with the timothy 
hav ration as with the alfalfa hay ration. 

The Bureau of Dairy Industry (1156)^ using low-calcium timothy hay (0.20- to 
0.35-percent calcium), reported no advantage in adding bonemeal as a calcium 
supplement. The 12-month experimental period started at 6 months of age and 
ended at 18 months. The Mi.s.souri Agricultural lOxperiment Station (SOu) does 
appear to have demonstrated calcium deficiency in one Jersey heifer getting corn 
silage, corn stover, timothy hay, corn, and corn gluten feed. The heifer grew as 
well from 7 to 17 months of age as did a similar heifer getting alfalfa hay, but at 
18 months rachitic symptoms developed, which were cured by adding bonemeal. 
The calcium intake was very low—about 5.5 grams a day, or 2 grams per hundred¬ 
weight, at 8 months and 5.95 grams a day, or 1 gram per hundredweight, at 17 
months. These amounts are below the calcium requirements of Mitchell and 
McClure (803). A table of calcium and phosphorus requirements prepared by 
these authors is included here as table 11. 

The results of the various experiments indicate that the customary calf rations 
that include grain and hay supply sufficient amounts of calcium and phosphorus 
for normal growth. These rations seem adequate for calcium even when low- 
calciuln ^ass hay is the roughage fed, provided the amount of hay is not severely 
restricted. 

There have been indications from several States of areas where the phosphorus 
of the forage is particularly low, especially in dry years, and in some States actual 
phosphorus deficiency has been demonstrated in the animals fed home-grown 
rations. Eckles, Gullickson, and Palmer (298) reported that phosphorus defi¬ 
ciency was more or less prevalent in 30 counties of Minnesota. In these sections 
when the animals were fed largely on home-growui feeds deficiency synmtoms 
usually developed, but if considerable amounts of concentrates that had been 
shipped in were fed, the apimals were frequently not affected. These investi¬ 
gators stated that unmistakable phosphorus-deficiency symptoms occur in certain 
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Tabi.k 11. 


-Estimated calcium and phosphorus recpiirements of growinfi Holstein-Friesian 


cattle (female 


recmif 
al^ 1 


Body weight (pounds) 


300.. 

400.. 

500.. 
600. _ 
700 _ 
800 . 
900. 
1,000 
1,100 
1,200 


Dry- 
matter ^ 
require¬ 
ment 

Net re¬ 
quire¬ 
ment of 
calcium 

Feed 

calcium 

re¬ 

quired 

Necessary 
percentage 
of calcium 
in ration 

Net 

phos¬ 

phorus 

require¬ 

ment 

Feed 

phos¬ 

phorus 

re¬ 

quired 

Necessary 
percentage 
of phos¬ 
phorus in 
ration 

Qrams 

Grams 

Grams 

Ptreent 

Grams 

Grams 

Percent 

3,388 

7.9 

11.3 

0.33 

7.2 

10.3 

0.30 

3,889 

7.3 

10.4 

.27 

7.3 

10.4 

.27 

4,416 

4,784 

6.6 

9.4 

.21 

7.3 

10.4 

.24 

6.1 

8.7 

.18 

7.3 

10.4 

.22 

5,188 

5.4 

7.7 

.15 

7.2 

10.3 

.20 

5, 518 

5.0 

7.1 

.13 

7.2 

10.3 

.19 

5,800 

4.5 

6.4 

. 11 

7.2 

10.3 

.18 

6,196 

4.1 

.5.9 

. 10 

7.2 

10.3 

. 17 

6, 597 

.3.9 

5.6 

.08 

7. 4 

10.6 

. 16 

6.947 

3.8 

.5.4 

.08 

7.6 

10.9 

. 16 


1 Table 10, p. 131, Mitchell and McChirc, Mineral Nutrition of Farm Animals {808). 

2 In computing the dry-matter requirements, the ratios of dry matter to total digestible nutrients reciuired 
are the same at different body weights as those recommended by the Morrison standards. 


sections of Wisconsin, Colorado, Utah, Nevada, New Mexico, and Florida and 
that bone chewing on certain ranges in California indicated that there were 
phosphorus-deficient areas in that State. The early symptoms of the deficiency 
are bone chewing and the gnawing of wood. Symptoms reported as developing 
later are poor physical appearance, poor ^petite, stiffness in the joints, and 
sometimes fragile bones that break easily. In the feeding experiments of Eckles, 
Gullickson, and Palmer phosphorus deficiency was demonstrated when the phos¬ 
phorus intake was as high as 7 to 8 grams daily, not far below the minimum 
requirement shown in table 11. 

A deficiency of phosphorus can easily be corrected. Wheat bran and linseed 
meal are rich in phosphorus. Bonemeal is rich in both calcium and phosphorus 
and may be fed if needed as 1 percent of the grain ration or kept where the calves 
have access to it. Only bonemeal intended for animal or poultry feeding shoidd 
be used. Rock phosphate should not be fed because of its high content of fluorine, 
which seriously affects the bones and teeth of animals. 

Iodine 


In certain regions where goiter or “big neck'' occurs, iodine may be deficient. 
These goitrous regions occur more frequently in the Northwestern and the Lake 
States than elsewhere in this country. Areas deficient in this element have been 
noted in California, Washington, Oregon, Idaho, Montana, Utah, Wyoming, 
North Dakota, Minnesota, and Ohio. If goiter does occur, additional iodine 
need be given only to pregnant cows and heifers so that the calf may be normal 
at birth. This iodine can be provided by mixing 1 tablespoonful of a 5-percent 
solution of potassium or sodium iodide daily in the feed of the pregnant animal; 
or iodized salt can be fed during the last half of the gestation period. lodizecl 
salt should contain 0.02 percent of potassium or sodium iodide, which is equivalent 
to one-third of an ounce (9.45 grams) per 100 pounds of salt. 

Iron and Cop'per 

Malnutrition of cattle caused by a deficiency of iron and copper has been 
demonstrated in some isolated areas. The Florida Agricultural Experiment 
Station (82) found that “salt sickness" or nutritional anemia of cattle in certain 
sandy areas in that State was cured by the administration of iron (ferric ammo¬ 
nium citrate) and very small amounts of copper sulfate. 

Cobalt 

With the possible exception of cobalt, other mineral elements are probably 
present in sufficient amounts in the calf ration. Cobalt has been definitely shown 
to be essential in animal nutrition, and this element has been shown to cure certain 
deficiency diseases of sheep in New Zealand and Australia. In this country 
cobalt-deficient areas have been reported in Florida.’ 
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Vitamins 

Calves may be born dead, weak, or blind {217) if their dams have been fed 
rations deficient in vitamin A. Calves that are normal at birth have very small 
reserve stores of vitamin A even when their dams have had satisfactory rations 
before calving. It is necessary therefore for the calf to receive feed containing 
vitamin A from birth. Colostrum has been shown {1026) to be several times as 
potent in carotene and vitamin A as milk produced some days after calving. The 
importance of vitamin A in the calf ration after the colostrum period is shown by 
a series of four experiments carried out at the Bureau station at Beltsville 
{218y 219), These experiments also show the influence of the ration fed the lac- 
tating cow on the vitamin A content of the milk produced, as well as methods of 
furnishing the vitamin A required by the calf. 

In the experiments at Beltsville, the calves were from cows that had been 
well fed on rations adequate in vitamin A. For 3 days after birth all of them 
received their mothers' colostrum. The milk-feeding regime, sources of the milk 
fed, vitan^in A supplements used, and the grain and hay fed to the calves, as well 

as the results of these experiments, are shown in table 12. In experiments 1, 2, 

• 

Table 12.— The effect of different milks and vitamin A supplements on the rate of (growth 
of young calves allowed access to grain and poor-quality hay 


Experi¬ 

ment 

No. 

Group 

Num¬ 
ber of 
calves 1 

Milk-feeding regime 
with calves 2 

Source of vitamin A 
in feed of cows pro¬ 
ducing the milk 

1 

I_ 


Whole milk for 20 days 
with gradual change 
to skim milk at 30 days 
of age; skim milk to 6 
months of age. 

j U. S. No. 3 timothy 
hay, late cut. 


II.. 

5 

— do.. 

U. S. No. 1 timothy 
or clover light timo¬ 
thy mixed hay. 


III... 

6 

-do.. 

U. S. No. 1 alfalfa hay. 


IV... 

I. 

4 

.do... 

! Pasture.. 

2 

2 

Whole milk to 6 months 
of age. 

U. S, No. 1 alfalfa hay. 


II.... 

2 

,do.... 

1 Pasture. . 

3 

I. 

5 

Skim milk to 6 months 
-f 10 or 20 ml. cod-Uver 
oil daily. 

! Mixed bam rations 
(no pasture).® 


II7... 

4 

Skim milk to 6 months 
-f60 gm. carrots daily. 

---do.-.. 


m 7.. 

4 

Skim milk to 6 months 
■flSOgm. carrots daily. 

_do__ 

74 

1 

3 ! 

Same as experiment 
No. 1. 

U. S. No. 3 timothy 
hay. late cut. 


Hesults 3 


All died at from 45 to 89 days of 
age. 


4 calves died at from 76 to 95 
days of age.< The fifth be¬ 
came blind at 4 months, but 
lived to end of experiment at 
6 months of age. 

4 died at 55 to 168 days of age. 
The 2 others survived experi¬ 
mental p(*riod, but growth 
was very subnormal. 

All survived the experimental 
period. Growth was 40 to 
80 percent of normal. 

Growth 65 3 and 80 percent of 
normal. 

Growth normal. 


Do. 


Growth 48 percent of normal; 
1 blind, another blind in 1 
eye. 

Growth 81 percent of normal. 

1 died at 52 days of age.® The 
other 2 made normal gains in 
weight. 


1 All calves, except in e.xperiment 4, had access to grain (see te.\t) and U. S. No. 3 timothy hay. The calves 
in e-xpednient 4 had access to grain and No, 1 alfalfa hay. The grain mixture consisted of wheat bran, 
ground yellow com, linseed meal, and soybean meal. , , „ . i 

»Comparable quantities of milk were fed to calves of the same breed in all experiments. All calves 
received their mothers’ colostrum for 3 days. u j 

’ 3 The normal growth referred to here is the average attained at 6 months of ago Iw calves fed whole and 
skim milk as in experiment 1, group III, the calves being allowed grain and U. S. No. 1 alfalfa hay. 

* These 4 calves continued to grow longer than those in group I above. ^ 

3 When, at 7 months of age, milk from pasture-fed cows was substituted in the ration of 1 of these calves 
for the milk previously fed, the calf Increased quite strikingly in rate of growth, ftom 4 to 7 months of age 
it had gained 137 pounds, or 65 percent of normal; for the next 4 months, on the milk from pasture-fed cows, 
it gained 233 pounds, or considerably above the normal for this period. 

3 Skim milk is practically free of vitamin A. , ,, ^ ^ ^ 

1 The results in experiment No. 3, groups II and III and in No. 4 are from unpublished data. 

3 This calf ate a negligible amount of hay and therefore is comparable with thc«e in experiment No. 1, group 
I, in vitamin A intake. 
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, « XI 1 a crrnin-hav Hiixture low in vitamin A so that the differ- 

ence^ii growth produced b/the diffLences in the vitamin activity of the variovis 

“'¥he"i®te gh®e d^tathat permit accurate calculation of the 

iue results of these vouiiR growing calves, and such data 

ininunum A. 9.x calves of this age; but the results do indicate 

trat"?Mrrii e^^^ ^ 'T* ^^ 

mental and that such failure may occur with ordinary feeds used in practice 
Srdinrto the severitv of the deficiency, there may lie slow growth, general 
wSss and scours, or’pneumonia and death. Blindness was frequent among 
these calvS but its occurrence could not be correlated with the seventy of the 

‘‘‘"The'etfect on growth of a failure to feed sufficient vitamin A with a low-grade 





Figure 3 ,—Calves need vitamin A or its precursor, carotene, for normal growth. (The 
squares behind each calf are 6 inches each.) Weight at 6 months, 406 pounds; 
fed whole milk plus cod-liver oil. B, Weight at 6 months, 400 pounds; fed skim milk 
after third day, plus cod-liver oil. ^ C, ^^ii^ieht at 6 months, 388 pounds; fed whole 
milk and skim muk plus cod-liver oil. D, Weight at 6 months, 283 pounds; fed whole 
milk, no cod-liver oil. B, Weight at 6 months, 287 pounds; fed whole milk and skim 
milk, no cod-liver oil. F, Weight at 6 months, 234 pounds; fed whole milk and skim 

milk, no cod-liver oil. 

















YOUNG DAIRY STOCK 635 

hay is clearly illustrated in fietires 3 and 4 Th^ \ i, . ^ 

received late-cut No. 3 timothy liay very low iif '*i figure 3 all 

grain mixture. The whole iniik and skim mdk ® iugh-protein 

getting various roughages, as follows* A t froin cows 

The TTolstein calves shown in figure 4 are hoth fi monfli^ af afre% j 

a mtion of skim luilk after the third day with late-cut t mothv hav^i gooTgraln 
mixture, and grated yellow garden carrots as the vitamin A supplement The 
smaller calf received 60 grams of grated carrots daily while the laK cTf received 
180 grams. Each calf is repre.sentati\e of a group of thrcic that were fed the same 

“Sc (tailv ■?! “"O'* “n 

average uaiiy gam m weight of 1.4 pounds. Three sim lar calves fed the smaller 
amount of carrots gamed an average of onlv 0.7 pound dailv 

Apparently, from the data in table 12, the vitamin A requ'irements for normal 
growth of young calves may be met pra. tically completelv by feediS the vo mg 



Fiffure /.—The effect of insufficient amounts of vitamin A on the growth of calves. At 
6 months of age, the larger calf, which received about 7 ounces of grated carrots daily, 
weighed 329 pounds, compared with 170 pounds, the weight of the other calf at ihe 
same age. The smaller calf received only a third as much grated carrot in its ration. 


calf whole milk from cows on pasture or vitamin A-potent supplements such as 
cod-liver oil or carrots, or the older calf roughages rich in vitamin A such as a 
good-quality green hay or silage made from green material. Or these require¬ 
ments may be met by any combination of these methods, such as feeding the calf 
a good hay or silage potent in vitamin A in addition to milk from cows similarly fed. 

Particularly during the skim-milk feeding period, good green hay or some other 
source of vitamin A should be fed to calves. Garden carrots are a good source of 
carotene and may be fed during this period. They may be grated into the milk 
of young calves or fed chopped to the older animals. Cod-liver oil is a yery 
satisfactory supplement when not fed in excess. A good green alfalfa-leaf meal 
is also valuable under these conditions; and the vitamin A requirements of calves 
may be met J3y pure carotene dissolved in oil. It is interesting to note that when 
the vitamin A requirements of calves are met, they may be reared after 3 days of 
age without further feeding of whole milk and make normal gains in weight as 
measured by the weights at 6 months of age. 

Guilbert, Miller, and Hughes of the California Agricultural Experiment 
Station have reported that the vitamin A requirements of the bovine at all ages 
may be met by about 7.55 micrograms of vitamin A from cod-liver oil or about 
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29 micrograms of carotene from plant materials daily per kilogram (2.2 pounds) 
of body weight. According to these data the vitamin A needs of a 3-month-old 
Holstein calf would be supplied by about 1 milliliter of cod-liver oil or by about 

30 or 40 grams daily of garden carrots or alfalfa-leaf meal. These California 
experiments were carried out with animals that were 7 months old or older; and, 
insofar as the writer is aware, no published evidence is at hand to show that the 
results are applicable to such rapidly growing animals as were used in the experi¬ 
ments reported in table 12, nor is anything known about the conditions in feeds 
that may influence the utilization of vitamin A wr its precursors. It will be 
noted that the calves in experiment No. 3, group IT, made very poor growth and 
that two of these animals had eye lesions; yet, according to the analyses of the 
carrots, these animals were fed more carotene per kilogram of body weight than 
would be required according to the California results. Hardly normal growth 
was attained with three times this quantity of carrots—that is, the quantity used 
in experiment No. 3, group II—and certainly not less than this amount should 
be fed. 

As indicated in table 12, calves may grow normally when their vitamin A 
requirements are supplied by 10 or 20 milliliters (2 or 4 teaspoonfuls) of cod-liver 
oil; and they have been raised to calving on these amounts. Until more definite 
information is at hand as to the minimum requirements of these growing calves, 
and until market standards are adopted for animal-feeding oils it may be well to 
use 20 milliliters (4 teaspoonfuls) daily of cod-liver oil when calves are fed skim 
milk and roughages low' in vitamin A. The main sources of vitamin A in 
the calf rations usually fed are wdiole milk, green hay, and silage made from 
green material. Whether or not it is necessary to use vitamin A supplements 
depends upon the quality of the milk and the quality of the roughage in the calf 
ration. 

Calves kept in the dark and fed rations low in vitamin D may suffer from a 
deficiency of that vitamin. Bechdel {80) describes the symptoms as ‘‘decreased 
growth rate, abnormal bone development, swollen joints, slight paralysis of the 
rear quarters, and a bowed back.*^ Vitamin D assists in the deposition of minerals 
in the bones. Bechdel in the same publication gives the ash or mineral content 
of the bones of his experimental calves. The ash in the femora on a fat-free basis 
was about 54 percent in the calves with rickets. Calves of the same age on the 
same ration that were irradiated with ultraviolet light or given cod-liver oil as a 
source of vitamin D had femoral bones with about 59 or 60 j>ercent of ash on the 
same fat-free basis. 

Mitchell and McClure {803) state: “Farm animals of all types generally 
receive an adequate supply of vitamin D by exposure to the sun’s rays. Depend¬ 
ing on the intensity of the sunlight and its concentration of ultraviolet rays, which 
vary with the season, time of day, and atmospheric contamination, exposures of 
10 to 30 minutes daily are ordinarily sufficient.” Bechdel and collaborators (77) 
have recently reported that the minimum level of vitamin D for grow th, well-being, 
and proper calcification of the bones of calves kept in the dark from birth to 7 
months is approximately 300 United States Pharmacopoeia units per day per 
hundredweight. This requirement can easily be supj)lied with normal calf 
rations even in the absence of sunlight. Bechdel had previously reported (80) 
that though calves developed a mild rachitic condition when kept in the dark and 
fed 1 pound of sun-cured or 2}i pounds of artificially dried alfalfa hay, there were 
no rickets when 2)4 pounds of sun-cured alfalfa was" fed daily. Calves that get a 
reasonable amount of sunshine and normal rations should need no additional 
vitamin D from cod-liver oil or irradiated yeast. Calves little exposed to sunlight 
and receiving dehydrated alfalfa or green hay that has been cured almost without 
sunlight might be slightly deficient in this vitamin. 

It has been reported that the vitamin B complex, including vitamin Bi and 
riboflavin (vitamin G or B 2 ), is abundantly supplied in all usual calf rations. 
Eckles et al. (302) in 1924 reported that the addition of yeast, which is rich in 
both vitamin Bi and riboflavin, to normal calf rations including whole or skim 
milk, grain, and hay did not increase the rate of gain between 14 and 180 days of 
age. In 1926, Bechdel et al. (75) reported that calves grew normally when 
started between 112 and 179 days of age on rations too low in vitamin B to support 
rat growth. It was assumed that the calf requirement was very low or that the 
necessary factors were formed by the action of bacteria in the stomach of the 
animal. In 1928, Bechdel et al. (79) demonstrated that older cattle at least do 
form these factors in their paunch. The paunch content of a cow that had been 
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raised and was continued on a ration deficient in vitamin B proved very potent 
in that factor when fed to rats. To what extent the calf can produce the vitamin 
B complex before the paunch is developed was not shown. 

Recently, however, Newman and Savage {852) have suggested that some part 
of the vitamin B complex may be deficient in certain milk substitutes or calf 
starters that are being prei)ared at Cornell University. In their experiments the 
calves were fed only 350 pounds of whole milk, in gradually reduced amounts 
from birth to 8 or 10 weeks of age, when milk feeding was stopped. A dry calf 
starter was fed to the calves to a maximum of 4 pounds daily. The basal calf 
starter was composed of ground yellow corn, 32.25 parts; rolled oats, 28; wheat 
})ran, 10; linseed meal, 5; white fish meal, 3; dried skim milk, 20; bonemeal, 
M part; limestone, salt, and codliver oil, Fine-stemmed, leafy mixed 
hay was fed. Groups to which this starter was fed with yeast included, c^ven 
when the dried skim milk was reduced to 10 parts, made? larger gains than did the 
group getting the basal starter without yeast. In these experiments the value 
of the yeast seemed quite evident, yet the need of it as a source of either vitamin 
B, or ribofiavin is not clear. Since the ration contained dried skim milk, corn 
meal, wheat bran, and leafy hay of good quality, the calves must have receivecl 
(juite large amounts of vitamin Bj and riboflavin without the addition of yeast. 
The actual factor in the yeast that promoted growth in these experiments was not 
d(^t(T?T)ined. 

Water 

Water makes uj) over 60 percent by weight of the calf's body and over 75 percent 
of the body tissues formed during growth. It is used by the calf in the processes of 
food digestion and assimilation, and in the removal of waste products. Water also 
helps to regulate body temperature. Supplying an abundance of pure fresh water 
to young dairy stock is therefore of the utmost importance. 

The water requirement of calves from birth to 6 months of age has been investi- 
gat(Ml by Atkeson, Warren, and Anderson {Jt6) at the Idaho Agricultural Experi¬ 
ment Station. Data from this investigation are presented in table 13. The total 
water consumption per calf, including that in the feed, was about the same for 
calves of the same age and W(n*ght raised by different methods of feeding. The 
increase in water re(|uireinents with age was almost directly proportional to in¬ 
crease in weight. More water was required per 100 i^ounds of body weight in 
warm weather than in cool. In relatively cool weather the calves (mostly less 
than 3 months of age) consumed 7.5 to 9 pounds of water daily, including that in 
the feed, per 100 pounds of body weight. In relatively warm weather the calves 
Onostly 3 to 6 months of age) consumed 10 to 11 pounds daily per 100 pounds of 
body weight. 


Taiu.k 13.— ntor cousumptiou por calf daily from 3 to 24 weeks of age ^ 



('alves fed li<iui<l milk for 0 months 

("alves fe<l Ihiuid milk for 5 weeks * 



Water eomsiiniption 


Water eonsii nipt ion 

Age (weeks) 











Body 





Body 






weight 

Water 

drunk 

In 

milk 

In hay 
and 
grain 

Total 

weight 

Water 

drunk 

In 

milk 

In hay 
and 
grain 

Total 


Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

Pounds 

1 

Pounds 

Pounds 

Pounds 

H _ 

ms i 

0.01 

9.13 

0.03 

9.17 

120.0 

0.56 

10.36 

0.03 

10.95 

4... 

121.3 

.07 

9.86 

.07 

10.03 

128.0 

1.50 

10.30 

.06 

11.86 

.5 . 

129.2 

.24 

9.14 

.10 

9.48 i 

139. 6 

1.49 

10.07 

.10 

11.66 

fi . .. 

136.7 

.74 

9.31 

.16 

10.21 

150. 2 

4.11 

6.39 

.23 

9.76 

8 ___ 

167. 7 

2.19 

10.17 

.26 

12.62 

172.9 

11.26 

.69 

.53 

12.48 

10 * 

181.1 

4.31 

10.83 

.37 

15.61 

195.3 

15.26 


.73 

16.99 

12__ 1 

204.7 

6.60 

11.17 

.46 

18.23 

218.8 

18.63 


.83 

19. 46 


10 

266.3 

12.91 

11.80 

.67 

25.28 

272.0 

27.09 


1.04 

28.13 

20_ 

317. 6 

18.10 

13.34 

.73 

32.17 

321.8 

30.73 


.99 

31.72 

24_ 

387. 6 

26. 23 

13.34 

.93 

39.50 

373.7 

38.96 


1.24 

40.20 




1 Data adapted from tables 1 and 2, Water Requirements of Dairy Calves '' :<5). ^ ^ ^ 

2 Raised on dry-fed grain mixtures, liquid milk being eliminated between the sixth and eighth weeks. 
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It seems probable that the water requirements would be about the same for 
calves of different dairy breeds having the same body weight. The water require¬ 
ments of rapidly growing heifers may be about the same per 100 pounds of body 
weight as those of calves. When growth slows down, less water may be required 
since the average total water requirement of dry dairy cows was found by Atkeson 
and Warren {46) to average only 0.2 pounds daily per 100 pounds of live weight. 

During the winter months, calves receiving liberal quantities of liquid milk 
may make good growth without additional water, but by the time they are 2 
months old they should have all the water they willtlrink. During warm weather 
a lack of water may result in discomfort and slow down feed consumption and 
rate of growth. Riipel {993) reported an experiment at the Wisconsin Agricul¬ 
tural Experiment Station, conducted in warm weather, in which the calves in one 
group were watered twice daily, while those in another group received no water. 
Both groups received 14 pounds of skim milk per calf daily and all the hay and 
grain they would eat. The calves receiving water drank somewhat more water 
than milk, ate twice as much hay and nearly one-third more grain, and gained 
1.80 pounds each daily as compared with a daily gain of onlv 1.36 pounds for the 
calves receiving no water. 

Calves old enough to run together should be supplied with an abundance of pure 
water. This may be provided from a convenient!v located water trough or from 
a drinking cup. 



VARIATIONS IN THE COMPOSITION 

OF MILK 


by P. A. Wright, E. F. Deysher, and C. A. Cary' 


THERE is more similarity between iliffereni kinds of milk than there is 
between milk and any other food. Yet analysis shows that there are real 
differences not only in the milk of different species of animals, but in the 
milk of different breeds of cows; of different individuals in the same 
breed; and between the morning and evening milk of the same cow, or 
even the milk from different quarters of the udder. This article gives 
data on these diffr^renees: discusses the relation between tbe protein, fat, 
and energy values in milk; and shows how readily feed flavors and odors 
are transmitted to milk. 


DIFFERENCES IN THE COMPOSITION OF THE MILK 
OF DIFFERENT SPECIES 


'Phk PKUCENTACiES of the chicf constituents of milk differ with various 
species of mammals. For the various kinds of milk used for human 
food in different parts of the world, these percentages are given in 
table 1. 

The most important characteristics of human milk are its low pro¬ 
tein, low ash, and high lactose percentages. The first set of values 
for human milk given in table 1, consists of averages of 1,154 analyses 
representative of the entire lactation period. The second set, reported 
by other workers, shows only two-thirds as great a percentage of pro¬ 
tein, possibly because in this case the milk was not sampled until the 
women had been in lactation for at least 2 months. 

An examination of table 2 indicates that the ratio of noncasein 
|)rotein to casein in human milk is nearly 4 times the corresponding 
ratio in cow’s milk, and that the ratio of nonprotcin nitrogen to casein 
•nitrogen in human milk is almost 13 times that in cow’s milk. 


I P A Wright and E. F. Deysher are Assistant Chemists, Division of Dairy Resewch Laboratories, and 
O. A. Cary is Senior Chemist, Division of Nutrition and Ph^iology, Bureau of 
With the exceptions of the sections headed Differences in the Composition of the Mll^k 
Relation Between the Fat, Protein, and Energy Vahies; Effect of Diet on 

Feed Flavors and Odors and of Drugs to Milk, and of table 4, the material in this wticlo is ^y 
mission with slight modification from Fundamentals of Dairy Science by ‘^^sociates of L. A Rogws 
chapter 1. The parts used in this article were revised by P. A. Wright and E. F. Deysher for the second 
edition of the book mentioned. . 

a Italic, numbers in parentheses refer to laterature Cite<l, p. 1076. 
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Table 1 .—Average composition of milks of certain mammals 


Species | Water Protein i ; Pat ' Lactose I Ash 

Percent Percent Percent Percent Percent 

Woman____ 87.43 1.88 3.75 6.98 0.21 

Do. «7.68 1.05 4.37 6.79 .18 

Cow..._ 86.21 3.77 4.45 4.86 .72 

Do.. 87.90 3.18 3.66 4.50 . 72 

Goat _ 87.14 3.71* 4.09 4.20 . 78 

Ewe_ 82.90 5.44 I 6.24 4.29 . 85 

Egyptian buffalo ... _ 82.09 4.16, 7.96 4.86 .78 

Chinese buffalo _ 76.80 6.04 , 12.60 3.70 . 86 

Philippine carabao..... . 78.46 5.88 10.35 4.32 .84 

Camel.. 87.61 2.98 ! 5.38 3.26 .70 

Mare . 89.04 2.69 : 1.59 6.14 . 51 

Do.. __ ... 90.2:1 2.30 I .78 6.42 .44 

Ass___ . . . 89.70 2. 10 i 1. .50 6.40 .30 

Reindeer ____i 63.30 10.30 , 22.46 2.50 1.41 


i6.;i8 X nitrogen. 


Table 2. —IHstrihution of nitrogen in human and in coiv\s milk 


1 

Kind of milk 

Total nitro¬ 
gen 

Casein nitro¬ 
gen as percent¬ 
age of total 
nitrogen 

Noncasein pro¬ 
tein nitrogen, 
as percentage of 
total nitrogen 

Nonprotein ni¬ 
trogen as per¬ 
centage of total 
nitrogen 

TIunian...... 

Cow’s. 

Percent 

0.1749 
.497 

- 

Percent 

34. 3 

1 76. 1 

1 

Percent 

30.0 

18.0 

Percent 

35. 2 
5.0 


The first set of figures for cow’s milk in table 1 is from analyses 
made at the Illinois Agricultural Experiment Station and represents 
1,998 samples obtained during 198 whole lactation periods from 14 
Ayrshire, 16 Guernsey, 19 Holstein, and 15 Jersey purebred cows and 
66 Guemsey-Holstein crossbred cows. The averages for protein, fat, 
and lactose are definitely higher than those in the second set of 
figures, which represent 208 herd samples obtained from dairy farms 
in New York. 

Goat’s milk appears to be very similar in composition to cow’s 
milk. The averages given represent analyses by 18 investigators of 
the milk of at least 326 goats. 

The averages for ewe’s milk are from analyses of the milk of two 
ewes at regular intervals during the whole lactation period. 

Many species of mammals bearing the Tiame of buffalo, or closely 
related thereto, are used as dairy animals. The milk of the Egyptian 
type of buffalo is used for food in many sections of southern Europe 
as well as in parts of Africa and Asia^ The averages are based on 
analyses of 61 composite samples, each representing the milk of 6 
animals. The values for the milk of the Chinese water buffalo are 
averages of frequent analyses of the milk of 30 animals over a period 
of 18 months. The averages for the milk of the Philippine carabao 
are based on individual samples from 19 animals. Analyses of the 
milk of these 3 different species of buffaloes are included in tlie 
table because^ of the large variation in total solids—principally fat. 
All of these milks contain a much greater percentage of fat and protein 
than does cow’s milk. 

Camel’s milk is somewhat higher in percentage of fat and lower in 
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lactose and protein than cow’s milk. The averages given in table I 
were computed from the reports of several analysts. 

Mare’s milk is used for food most commonly in parts of western 
Asia. It is especially low in solids, protein, fat, and ash, and high 
in lactose. The first averages found by Linton for 104 samples of 
noncolostral milk from mares in Great Britain are higher in percentages 
of total solids, protein, fat, and ash, and lower in percentage of lactose, 
than the averages calculated from analyses reported by Hildebrandt 
in Germany. 

Ass’s milk, much used for food in parts of Europe, is quite similar 
to mare’s milk. The composition given is the average of the results 
of several analysts. 

Of all the natural milks used for food by man, that of the reindeer 
is the most concentrated. The percentage of lactose constitutes an 
exception to this general statement, since reindeer’s milk contains 
only about one-half the percentage of lactose [)resent in cow's milk. 

DIFFERENCES IN THE COMPOSITION OF COW’S MILK 

Practically all of the milk sold in the raw or manufactured form in 
this country is from the cow. Even cow’s milk is not a uniform article 
of commerce. The differences in composition—for example, in fat 
content—which are principally due to differing environment and 
inheritance, are of such magnitu<le that many dairies standardize 
their milk by mixing batches from different farms or breeds of cattle. 

DIFFERENCES DUE TO BREED 

Variations due to breed are of the greatest magidtude and will be 
considered first. The breeds represented in the IJjiited States by the 
greatest number of dairy cows are in increasing order Ayrshire, 
Guernsey, Holstein, and Jersey. The Shorthorn, though often 
considered a dual-purpose breed', shoidd possibly be mcluded here 
because great qxiantities of milk are produced from grade Shorthorn 
cows, especially in the butter-producing States of the Mississippi 
Valley. 

The figures in table 3 for the first four breeds are averages obtained 
by Overman, Sanmann, and Wright { 889 ) at the Illinois Agricultural 
Experiment Station. The figures for the Shorthorn breed are averages 
of analyses by several investigators, reported by Eckles and Shaw 
at Missouri. 


T\bi.e .T.— 


Brt‘c*d 


Ouemst'y 

Jersey_ 

Ayrshire.- 
^olstoln.- 
Shor thorn 


iventf^e composition of milk of Jive hn*(*ds of cotvs 


Water 

' '^rotal 
solids 

Fat 

i 

; Protein 

j 

Lactose 

1 

1 

Ash 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

85.13 

14.87 

5.19 

4.02 

4.91 

0.74 

85.3! 

14.69 

5.18 

3.86 

4.94 

.70 

86.89 

13.11 

4.14 

3.58 

4.69 

.68 

87.50 

12. 50 

3. 55 

3.42 

4.86 * 

.68 

87.43 

12.57 1 

1 

3.63 

3.32 

1 

4.89 

.73 


Table 3 shows that there is considerable difference in total solids 
of the milk of the G\ienisey and Jersey breeds on the one hand and of 

42 


1413»4*—na 







642 


YEARBOOK OF AGRICULTURE, 1939 


tliat of the Ayrshire, Holstein, and Shorthorn breeds on the otlier. 
More than half of this difference is in the fat percentapje, the rest 
beinp: mostly in the protein. Except for the Ayrshire breed the 
lactose percentages in the milks are remarkably constant. 

Table 4 gives the average production of milk and hutterfat of the 
cows having official yearly records in the breed associations. 


Tabi.e 4.— /ivoraf^* yearly pntdurtion of milk and hutterfat of rows of different hnnuls that 
hfui ojprial yearly records to January 7, 1938 ^ 


Ad VHiiceil register or reRister 4)f merit j Ilerd-iiiiiirovemeid lest 


Breed 

' Uecords 


Buiterfal 

Records 


Biilterfat 


; of cows 

Milk 



of cows 

Milk 




1 and 



and 




heifers 


Quantity i 

i Test 

heifers 


Qu:intity 

3'est 


Number 

Pounds 

Pounds 

Percent 

Number 

Pounds 

Pounds 

Percent 

Ayrshire.. . 

_i 2 9,022 

939 

10,440 

416 

4.0 

20,571 

8,351 

338 

4.0 

Brown Swiss_ 

13,643 

548 

4.0 

984 

8, .577 

352 

4. 1 

Guernsey . .. _ 

_1 49,212 

10,095 

502 

5.0 

5,22tl 

8, fi2<.) 

425 

1.9 

Holstein-Friesian 

.. 3 5fi,oo7 

16,005 

546 

3.4 

< 52,369 

II, iOi 

380 

3. 1 

Jersey . - 

. . .'»6,789 

1 

8,556 

459 

.5. .36 

27, 364 

6, 797 

3.59 

5. 3 


1 Data from U. S. Department of ARrifulture Farmers’ Bulletin 1443 (864). 
a Includes 1,952 305-day records. 

3 Includes 15,354 10-month records. 

< Up to Oct. I, 1937. 

RELATION BETWEEN THE FAT, PROTEIN, AND ENERGY VALUES 

The concentration of fat in cow’s milk may be taken as a rough 
indication of its protein and energy value as a food and of the feed 
protein and energy required for its production. The fat and protein 
concentrations in cow’s milk vary; they may under some unusual 
conditions vary independently of each other but in general there is a 
roughly constant relation between them. In addition to this the 
concentration of lactose, which also contributes materially to the 
energy value of milk, is relatively (juite constant. There are three 
series of analyses of cow’s milk in which these relations liave been par¬ 
ticularly studied in this country. 

The first extensive series is that of Haecker (45^) at the University 
of Minnesota. He determined the concentrations of fat, carbohy¬ 
drate, and protein in 543 samples of cow’s milk. Ilis results have 
been used as the basis of several feeding standards for milk cows. In 
fact, the Haecker standard is said to be the first in which the com¬ 
position of the milk was taken into account in calculating the feed 
allowances of milking animals. Armsby (S^) calculated the total 
energy value of the milks ^alyzed by Haecker, tr king 1 gram of fat 
as equivalent to 9.23 calories, 1 of protein to 5.7, and 1 of lactose to 
4.1; and Gaines (404) has expressed the relation between the fat and 
protein in these mUks by the following equation: 

Percentage of protein in the milk=1.46+0.4 of the percentage of 
fat---(1) 

The second larger series of analyses to be considered here were done 
at the University of Illinois. Overman and Sanmann (888) report tlie 
fat, carbohydrate, protein, and energy content of 212 samples of 
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milk; and Overman, Sanmann, and Wright {889) determined the fat, 
carbohydrate, and protein concentrations of 1,999 samples. Over¬ 
man and Gaines (887), using constants determined from the milks of 
Overman and Sanmann in which the total energy value was deter¬ 
mined, calculated the energy value of the 1,999 milks from the analyses 
of Overman, Sanmann, and Wright; and Mitchell (7.95) has expressed 
the relation of fat to protein in these milks as follows; 

Percentage of protein in the milk=2-1-0.4 of the percentage of fat.. (2) 

From the above calculations Overman and Gaines conclude that the 
energy content of milk containing 4 percent of fat is approximately 
750 calories per kilogram, or 341 calories per pound; and they suggest 
that with any breed of cows the weight of 4-percent milk containing 
the same amount of energy as the milk yielded by the particular cows 
hi question may be calculated from the following equation; 

Weight of 4-percent milk equivalent in energy value=0.4 of the 
weight of the milk yielded-f 15 times its fat content expressed in 
percent-- -- - - -(3) 

After analyses of many hundred samples of milk had been made, 
workers at the Ohio Agricultural Experiment Station {868, p. 17) 
came to the conclusion that “in samples of milk testing 2.78 percent 
of butterfat the percentage of protein and fat are approximately equal. 
Above this point the protein increases approximately 0.42 times as 
fast as the fat.” This relation may be expressed as follows; 

Percentage of protein in the milk—2.784-0.42 (percentage of fat, 
2.78)---- 


Tabi.e 5. —Relation Itetu'een the proteitu fat, and energy values of milk 



Overman 

, Sanmann, an<l j 
Wright 1 1 

Haecker 

Ohio 

Fat 

(percent) 

Protein 

Energy 

Protein 

Energy 

analyses, 

protein 

calcu¬ 


Found 

Calcu- 
late<l * 

calcu- 
latetl 3 

Found 

Calcu¬ 

lated 

calcu¬ 

lated 

lated 


3,0. 

3.5. 
4.0 

4.5. 
5.0. 

5.5. 
6 . 0 . 

6.5. 
7.0 




Calories per 

Percent 

Percent 

pound 

3.07 

3.20 

290 

3.39 

3.40 

315 

3.54 

3.60 

341 

3.83 

3.80 

367 

4.02 

4.00 

392 

4.18 

4.20 

418 

4.50 

4.40 

443 

M.63 

4.60 

469 

4. 91 

4.80 

494 


Percent 

2.65 
2.81 
3.08 
3.27 
3. 45 

3.65 
3.82 
4.02 
4.22 


Percent 
2 . 66 
2.86 
3.06 
3. 26 
3.46 

3. 66 
3.86 
4.06 

4. 26 


Calorie'i ! 
per 

pound ^ 
278 
306 
336 
365 
300 
415 
440 
467 i 
492 


Percent 

2. 87 
3.08 
3.29 
3.50 
3.71 

3. 92 
4.13 
4.34 

4. 55 


I Average for all breeds for which analyses are given. 

' 2 Calcu&ted, using Mitchell’s equation given in text. 

8 Calculated, using 341 calories per pound for 4-per(«nt milk and equation 
4-percent milk equivalent in energy content to that yieldetl. 

* Calculated by Armsby (5?, p. 511). 

8 Data for Jersey breed omitted. 


in text for calculating the 


The above-mentioned data are shown in table 5. Although m each 
series of results the percentage of fat may be taken as mdicative of 
the protein and energy value of the milk, it will be noted that m the 
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Haecker milk the percentage of protein is much lower for the same 
percentage of fat than in the milks analyzed by Overman, Sanmann, 
and Wright. The difference for the same fat content is on the avei- 
age 0.54 percent; that is, if the protein in the milk analyzed by Over¬ 
man, Sanmann, and Wright is 3.99 percent, that for milk of the same 
fat content analyzed by Haecker would be 3.45 ])ercent. This con¬ 
dition makes a difference of 9 to 18 percent in the calculated nutritive 
value of milks of the same fat content, depending upon which of the 
milks is used as a basis of calculation. It also makes the same differ¬ 
ence in tlie calcidated protein requirements of the cow. The lesults 
with the Ohio figures are intermediate in tliis respect. It should he 
noted that the energy values of milk given in table 5 are for the total 
energy that it wotdd yield if completely burtied in a calorimeter. 
This would not be tbe metabolizable energy of the milk, as the protein 
when burned in a calorimeter yields about 5.7 calories per giam, 
whereas when oxidized in the animal body it yields oidy about 4.1 
calories per gram. 

DIFFERENCES DUE TO INDIVIDUALITY 

Within a herd of cows of a single breed there may be considerable 
variations in composition of milk between individuals, even though 
all have the same care, feed, and environment. These indivi(|ual 
differences are probably due to many factors, of which the principal 
one is undoubtedly inheritance. The variations are cjiiefly in per¬ 
centages of fat and of protein; as the percentage of fat increases, the 
percentages of protein, ash, total solids, and solids-not-fat increase, 
but the percentage of lactose—except in Ayrshire milk decreases. 


DIFFERENCES BETWEEN ONE MILKING AND ANOTHER 

If the intervals between milkings are the same, the percentages of 
protein and lactose in milk from the same cow vary very little, but 
the morning milk is usually richer in fat than the evening milk, 
sometimes by almost 2 percent. The more frequent the milkings, the 
greater the variation in fat. 

VARIATIONS IN COMPOSITION DURING MILKING 

During milking, the percentage of fat increases markedly, and 
unless the udder is carefully stripped, the milking will not be truly 
representative with respect to fat. The difference between the fore 
milk and the strippings is only in the fat. Table 6 shows typical 
variations in fat. 


Tabi.e 6.— Variatums in fat content of milk during milking 


Portion of milking iieriod 

Cow 
No. 1 

1 _ 

Cow 
No. 2 

Cow 
No. 3 

Portion of milking perioil 

Cow 
No. 1 

('ow 
No. 2 

('ow 
No. 3 

First.- 

Second.. 

Percent 

0.90 

2.60 

Percent 

1.60 

3.20 

Percent 

1.60 

3.25 

Third__ 

Fourth (strippings)_ 

Percent 
5.35 
9.80 

Percent 

4.10 

8.10 

Percent 
5. (K) 
S. 30 


VARIATIONS IN DIFFERENT QUARTERS OF THE UDDER 


There are distinct differences among samples ()f milk from different 
quarters of the udder, not only in gross composition, but also in the 
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percentage of calciiini in the ash and in the composition of the fat. 
However, no regularity has been found in these variations. 

INFLUENCE OF SUCCESSIVE PHASES OF THE LACTATION PERIOD 

The secretion of the mammary glands for the first few days of 
lactation is known as colostrum and is quite different from the latei' 
normal secretion. Colostrum has a strong odor and a bitter taste 
and contains a remarkably high percentage of globidin. Table 7 
shows the gradual change from colostrum to normal milk. 


Tabi.e 7 .—Changes in romposition during the transition from colostrum to normal milk 


Time after 
ciTlving 
(hours) 

Ca¬ 

sein 

Albu¬ 
min 1 

Fat 

Lac¬ 

tose 

Ash 

'I'otal 

solids 

Time after 
calving 
(hours) 

Ca¬ 

sein 

Albu¬ 
min 1 

Fat 

Lac¬ 

tose 

Ash 

Total 

solids 


Per- 

Per¬ 

Per¬ 

Per¬ 

Per¬ 

Per¬ 


Per¬ 

Per¬ 

Per¬ 

Per¬ 

Per¬ 

Per¬ 


cent 

cent 

cent 

cent 

cent 

cent 


cent 

cent 

cent 

cent 

cent 

cent 

0 ... 

2. ft.*) 

16.50 

3.51 

3. 00 

1. 18 

26.93 

48--. 

3.25 

2. 31 

4.21 

3. 16 

0.96 

14. 19 

10_ 

4. 28 

9.32 

4. 6() 

1.42 

1.55 

21.23 

72--... 

3. 33 

1.03 

4. OH 

4. 10 

.82 

13. 56 

21 

4.50 

6.25 

1. 75 

2. 85 

1.02 

19. 37 









I 'rhis poliiiiin gives the ali)uniiii traction, which Includes globulin. Except for a fraction of a perc-ent 
of albumin this is undoubte<ily all globulin. 


The milk of the montli following the colostral stage is characterized 
by a slightly higher percentage of the albumin fraction and of fat 
tlian occurs during the long midstage of relatively constant composi¬ 
tion and yield. During the final stage, when the daily quantity of 
milk is decreasing, the casein and fat percentages both increase 
somewhat. 

EFFECT OF GESTATION AND OF DISEASE 

Gestation exerts no direct influence on the composition of cow’s 
milk but may hasten the end of lactation, which in itself causes marked 
changes in the composition. 

Milk composition may undergo considerable change from the normal 
when the cow becomes diseased. 

EFFECTS OF DIET ON COMPOSITION 

For the effect of diet on the concentrations of protein, fat, and lac¬ 
tose in milk, see the article on Glands, Hormones, and Blood Constit¬ 
uents—Their Relation to Milk Secretion (p. 685). E.xcept in the 
case of iodine, it is not practical to try to alter the concentrations of 
the mineral constituents in milk, and even in this case it is not 
economical. 

THE MINERAL CONSTITUENTS OF COW'S MILK 

Ash analyses for cow’s milk are given in table 8. The values for 
ferric oxide are much larger than those determined more recently on 
the milk itself without ashing, as will be seen from the following 

detailed discussion. . 

The trends in the variation of ash constituents during the lactation 
period are as follows: Potassium is present in smaller quantities m 
colostrum than in later milk. It reaches a maximum in the second 
month of lactation and then declines, slowly at first, inore rapidly 
during the last 2 months. Sodium decreases slightly during the first 
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half of the lactation period and rises markedly during the second half. 
However, it is subject to considerable variation. Calcium is higher 
in colostrum than m normal milk and remmns about the same after 
the normal quantity has been reached until the third month before 
the close of lactation, when it rises slowly. Chlorine is fairly constant 
during the lactation period, exhibiting a small constant rise through¬ 
out. Phosphoric acid is higher in colostrum than in normal milk, 
declining slowly at first and then more rapidly. 


Tabi.e H.— The compositwn of the ash of milk ^ 


Mineral 

Ranges of values 
found by several 
European inves¬ 
tigators 

Values re¬ 
ported by 
Babcock 2 

Mineral 

Ranges of values 
found by several 
European inves¬ 
tigators 

Values re¬ 
ported by 
Babcock 2 

Potassium . 

Calcium _ 

Sodium.. -- 

Magnesium... 

Percent 

14.6 to 23.9 
14.2 to 20. 5 
1.93 to 8.2 
0.72 to 3.01 

Percent 

20.8 

14.3 

7.4 

1.46 

i 

Iron . . _ 

Phosphorus_ 

Chlorine .... 

Sulfur.. 

Percent 

0.035 to (L280 
9.44 to 12.8 

12.2 to 16.4 
1.53 to 2.46 

Percent 

0.091 

10.6 

14.3 

2.30 


1 Data given hero are calculated from data in (W, p. 21. 

2 In Leach (667, p. 111). 


MINOR INORGANIC CONSTITUENTS IN MILK 

In addition to the mineral elements already discussed, milk con¬ 
tains small amounts of copper, iron, zinc, ahiminum, manganese, and 
iodine. The quantities of some of these can be determined by micro- 
analytical methods. These elements have been shown to be impor¬ 
tant from a physiological and nutritional standpoint. For instance, 
iron is necessary in hemoglobin, but copper must be present if hemo¬ 
globin is to be formed. Manganese has been reported as affecting 
growth and some phases of reproduction. Iodine is important for the 
normal fimctioning of the thyroid gland. 

Several investigators have made spectrographic examinations of 
milk ash and have found, in addition to those already listed, numerous 
other elements present in small but definite traces. 

Copper 

Supplee and Beilis (1108), analyzing freshly drawn milk of a large 
number of cows on differing rations, found the proportion of copper 
varying from 0.2 to 0.8 parts per million, with no apparent correlation 
between copper content and type of ration. Quam and Hellwig (938) 
found 0.26 to 0.49 parts per million of copper in cow’s milk, practically 
the same proportion in sheep’s milk, but slightly less in goat’s milk. 
Davies (367), found 0.05 to 0.65 parts per million in 15 samples of 
fresh milk. Zondek and Bandmann (1278) found 0.15 to 0.20 parts 
per million in cow’s milk and 0.5 to 0.6 in human milk. Elvehjem et 
al. (329) analyzed 13 samples of herd milk from widely different sec¬ 
tions of the United States and found from 0.123 to 0.184 parts per 
million with an average of about 0.15. They believe that some of the 
other figures reported are too hi^h because of contamination of the 
sample with copper during analysis. 

Hess and Unger (611) have shown that, if milk is contaminated with 
copper, its vitamin C activity is reduced. Davies (267) found that. 
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when the copper exceeds 1.5 parts per million, milk of otherwise 
good quality developed an oiliness, even when properly refrigerated. 

The effects of manufacturing processes on the proportions of cx)pper 
and iron in dairy products have been studied by Davies (267) and by 
Williams (1280). They found that pasteurization and ste^zation 
increase the percentage of both these metals in milk. The most 
striking effect was noted in cheese made in copper vats, the cheese 
containing in some cases as much as 18 parts per million of copper. 

iron 

Analyses of samples of cows’ milk from several different sources 
have given results rarjging from 1 to 4.5 parts per million of iron and 
averaging about 2.5. Higher values calculated from ash analyses 
are probably due to faulty methods of analysis The proportion of 
iron in human milk and in goat’s milk is the same as that in cow’s 
milk. 

Zinc 

The proportion of zinc in 12 samples of market milk was found by 
Birckner (103) to be 3.6 to 5.6 parts per million. Sato and Murata 
(1010) found from 2.94 to 4.12 parts per million in normal herd milk. 
They fouiid little difference in the proportions of zinc in human milk, 
cow’s milk, and sheep’s milk. Colostral milk was found to contain 
about 13 parts per million, a marked decrease taking place during 
the first few days of the lactation period. Throughout the main part 
of the lactation period, the proportion of zinc remained constant, but 
increased at the end. 

Manganese 

The proportion of manganese in nojuial milk has been found to be 
0.02 to 0.06 parts per million. Sato and Murata (1010) reported 0.10 
to 0.21 parts per million in cow’s colostrum, and 0.041 to 0.115 in 
sheep’s milk. Kemmerer and Todd (617) found 0.082 parts per million 
in goat’s milk. 

Iodine 

Iodine is present normally iti milk, occurring in small but variable 
quantities. It is easily transmitted to milk from the feed. The 
amounts reported vary from 0.001 to 0.275 parts per million. Scharrer 
and Schwaibold (1014) dried a sample of normal cow’s milk and deter¬ 
mined the distribution of the iodine. They found 4.5 percent of the 
total in the fat, 31 in the protein, 60.5 in organic combination in the 
serum, and 4 percent in inorganic combination in the serum. Milks 
having 1 to 14 parts per million of iodine have been produced by adding 
organically combined iodine to the feed of the cow. Organic iodine in 
proportions as high as 20 parts per million imparts no unpleasant 
taste or odor to milk. Inorganic iodides are also effective, but the 
feeding of compounds containing iodine in order to produce a milk 
rich in it is not economical. Colostral milk contains a comparatively 
large proportion of iodine, but this decreases to the normal amount 
within 36 hours after parturition. Remington and Supplee (966) 
analyzed samples of dried milk from several sections of the United 
States; 117 samples from South Carolina contained 0.143 to 1.872 
parts of iodine per million, with a mean of 0.572; 9 samples from New 
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York contained 0.131 to 0.392, with a mean of 0.265; 6 samples from 
Wisconsin contained 0.171 to 0.395 parts per million, with a mean of 
0 322 

MINOR ORGANIC CONSTITUENTS OF MILK 

In addition to the major organic constituents of cow’s milk, there 
are numerous other organic constituents present in small amounts, 
including the vitamins, various enzjunes, steroid materials, phospho¬ 
lipids, pigments, etc., the functions of which are in many instances 
unknown. 

TRANSMISSION OF FEED FLAVORS AND ODORS AND 
OF DRUGS TO MILK» 

Feed and weed flavors are frequently encountereil in milk. It was 
formerly believed that these flavors were absorbed by the milk after 
it was drawn from the cow, but expenmental work has shown that they 
are transmitted to milk mainly through the body of the cow. 

Babcock {52) by feeding garlic to cows, showed that a garlic flavor 
and odor could be detected in milk drawn 1 minute after the garlic 
was fed and that 10 minutes afterward the milk had a strong garlic 
flavor and odor. It was impossible for the milk to absorb the garlic 
flavor since it was drawn in an atmosphere free of garlic odor. 

In a further test, cows were forced to inhale garlic odor for 10 min¬ 
utes and were then milked at vaiying intervals. The experiment was 
carried on outside of the milking barn where there was no chance of a 
garlic-permeated atmosphere surrounding the milk, and the cows were 
given no possible chance to eat any of the garlic. When the cows 
were milked 2 minutes after iidiahng garlic for 10 minutes, garlic 
flavor and odor were very pronounced in the milk. It had therefore 
been absorbed from the lungs into the blood stream and thence into the 
udder. That flavors are absorbed by the blood is shown by the fact 
that a garlic odor was readily perceived in samples of blood drawn 
from the jugular veins of cows 30 and 45 minutes after they had con¬ 
sumed garlic. 

It has also been noted that certain drugs and medicines fed to cows 

E ass through the body and are found in the milk. Frohner, as reported 
y Allen {16, p. 972), states that camphor, turpentine, camomile, aloe, 
arsenic, lead, and tartar emetic may be transmitted to milk, sometimes 
in pokonous quantities. Mercury and copper may also be present in 
milk in sufliciently lai^e quantities to endanger health. Baum, as 
reported by Allen {16, p. 973), corroborates these findings and adds 
phenol, morphine, belladonna, and strychnine to the list of drugs that. 
may be transmitted in milk. Denis, Sisson, and Aldrich {272) report 
an unmistakable increase in the chlorine concentration of the milk of 
goats receiving calcium chloride, and Kolda {642) concludes that mi¬ 
nute qua-ntities of practically all medicinal substances administered 
to lactating females pass into the milk. 

* This section was prepared by C . J, Babcock, Market-Milk Specialist, Division of Market-Milk Investi¬ 
gations, Bureau of Dairy Industry. 



UTILIZATION OF FEED ENERGY AND 
FEED PROTEIN IN MILK SECRETION 


by C. A. Cary 


THIS technic;al article on two of the most important aspects of dairv 
cattle feeding will be of interest to dair\men w'ho wish to understand or 
like to study the fundamentals of their profession. In a closely reasoned 
analysis, the author gives the background of experimental procedures, 
describes the results of a wealth of experiments, and compares them care- 
full) from the standpoint of their hearing on practieal feeding standards. 


FEED ENERGY AND FEEDING STANDARDS 


It might be well before considering the bearing of utilization of feed 
energy on milk secretion to define certain terms. The energy require¬ 
ments of cattle in this country arc now very generally e.xpi'essed as 
pounds of total digestible nutrients that tvill supply the energy for the 
hmetion or functions in question. The total digestible nutrients in a 
feed are calculated by adding together all of the digcistible organic 
nutrients—the weight of the carbobyilrate, the fat multiplied by 2.25, 
and the protein. According to this system a pound of total digestible 
nutrients is the unit used in e.xpressing the ener^* requirements of 
cattle and the energy value of feeds. The proportion of total digest¬ 
ible nutrients in 100 pounds of the same feed or even of the same 
sample of feed is not constant under all feeding conditions. For 
instance, the digestibility of the dry matter in rations of full-fed 
milking cows is less than that of the same feeds with animals that are 
not so heavily fed, the difference in digestibility amounting to 5 to 10 
percent of the dry^ matter in the feed. This has been noted by a 

number of workers. • i . ^ 

A pound of total digjestible nutrients is often taken as equivalent to 
1,814 calories (or 1.814 therms, a therm bein^ 1,000 calories) of digest- 
ible energy; or, according to Forbes and Kriss (375),^ it is equivalent 
on an average, with the ordinary grain-hay rations of cattle, to approxi¬ 
mately 1,616 calories (1.616 thenns) of metabolizable is, 

energy obtainable from it bv metabolism in the organism. The pound 
of total digestible nutrients in cow rations, therefore, may be taken to 


'C. A. Cary is Senior ('heinist. Oivision of Nutrition and Physiology, 
* Italic nuraoers In parentheses refer to Literature Cited, p. 1076. 
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represent on an average 1,616 calories (1.616 tlienus) of metabolizable 
energy. 

The efficiency with which this metabolizable energy is utilized varies 
in different bodily functions and with various conditions. In con¬ 
sidering the utilization of energy in milk secretion, the gross efficiency 
of utilization must be differentiated from the physiological or net 
efficiency. The first is the total gross energy in the milk, expressed as 
a percentage of the digestible energy in the total feed intake. The 
physiological, or net, efficiency of iitilization is more complicated. It 
is the total gross energy in the milk expressed as a percentage of either 
the digestible or the metabolizable ener^ in that portion of the feed 
available for milk production after allowing for (1) the energy required 
for the maintenance of the animal, (2) the ener^ involved in any 
change of body weight, and (3) the energy used in gestation, if the 
animal is pregnant. 

This article will consider the physiological or net efficiency of the 
utilization of energy in milk secretion, as it is upon this that the 
separate allowances of feed energy for milk production in the various 
feeding standards are based. 

The percentage of the metabolizable energy available for milk pro¬ 
duction that is actually recovered in the milk- or in other words 
utilized in milk secretion—is not constant. According to Gaines {^05') 
it may vary with the breed of the cow; according to Kellner and 
Armsby (5^) and to the experimental work of Eckles (291), it may 
vary with the composition of the milk secreted; and according to 
calculations by Brody and Cunningham (164), it varies with the stage 
of lactation and the level of feeding. In addition, it must be borne 
in mind that the efficiency of the utilization of energy in a ration is 
affected .by the completeness and balance of the ration. Rations 
deficient in any one essential nutrient lead to waste in the utilization 
of energy. 

Besides these many variable factors actually affecting the efficiency 
of the utilization of energy in milk secretion, uncertain and arbitraiy 
assumptions are made in arriving at expressions of this efficiency. It 
is true that to reduce certain errors to a minimum studies of this sort 
are generally carried out with cows that are not with calf, and that in 
ordinary feeding experiments the cows are so fed over long periods 
that practically no net gain or loss in body weight occurs dur ing the 
period of the experiment. Sometimes also it is true that the energy 
maintenance requirements used in determining the energy available 
for milk secretion are determined for the same animals under the same 
conditions while milking and while not milking. More often, however, 
the energy allowance for maintenance is an arbitrary figure determined 
with a few oxen or a few entirely different drjr animals, or calculated 
Avith certain a^umptions regarding the relation between it and the 
weight of the animal, or possibly determined in a respiration calorimeter 
under conditions quite different from those that prevail in practice. 

USE OF LONG TIME FEEDING EXPERIMENTS IN THE STUDY OF THE UTILIZATION OF ENERGY 

IN MILK SECRETION 

One of the most extensive series of experiments, which has contrib¬ 
uted greatly to knowledge of the utilization of feed in milk produc- 



651 


energy and protein in milk 

bv^HTeckl>T«? feed practices in tins country, was carried out 

,Z f the Lniyersity of Minnesota. He was tlie first to set 

up feeding standards that varied with the comiiosition of the milk 

o' 

ter, .06 of a pound of protein, .6 of a pound of carbohydrates, and 01 of a oound 
nlaFntenaS'Sin ’ ample for a 


Tnno ^ 6 8 pounds of total digestible nutrients per 

1,000 pounds of weight of the animal. It was determined with barren 
cows kept practically at constant weight, and was calculated on the 
assiiinption that their requirements vary directlv with their weight 
Haecker further says— ' 


it IS tentatively suggested for a cow working in tlie dairy and having ordinarily 
good care and conifortable quarters the allowance for inaintenanct! be calculated 
at 1.^5 pounds of dry matter, containing .07 of a pound of iirotcin, .7 of a pound 
of carbohydrates and .01 of a pound of ether o.xtract per 100 pounds of live \4ight. 

1 his is equivalent to 7.92 pounds of total digestible nutrients dailv' 
per 1,000 pounds of weight of the animal. Haecker retained this 
recommendation in his final feeding standard (4oS).^ 

Using this recommended maintenance figure of 7.92 pounds of total 
digestible nutrients dailj^ with milking cows so fed that they did not 
change materially in weight during the experiments. Haecker calcu¬ 
lated (4d5), in summing up the results of experiments extending over 
nine winters, the average additional feed required for milk production. 
The digestible energy required, according to these data, was 1.72 
times the total gross energy in the milk. This would mean that the 
energy in the milk is about ,58 percent of the digestible energy avail¬ 
able for its production. The averages for different years vary in tliese 
experiments from as high as nearly 69 percent to as low as .53 percent. 
The average figure here can be considered as only a rougli approxi¬ 
mation of the percentage utilization of feed energy in milk production, 
(1) because the allowance for maintenance used in the calculation was 
not that actually determined with Haecker’s barren cows, and (2) 
because the digestibility of the feed was not determined by digestion 
trials with the milking animals but was arrived at from average figures. 
These discrepancies, however, tend to offset each other to some extent ; 
and everything considered, it is quite likely that the average utiliza¬ 
tion of the digestible energy available for production in these experi¬ 
ments is not far from 56 to 61 percent, or approximately 63 to 68 per¬ 
cent of the metabolizable energy. The energy allowances for milk 
production accorduig to Haecker’s feeding standard are about 1.85 
times the total energy in the mUk, provided average total digestible 
nutrient values for the feeds are used; but this would actually provide 
digestible energy only about 1.76 times the milk energy if 5 percent is 


^ The recommendation has boon followed in the Savage (/<?//) standard, and Morrison (819) “reoom- 
inonded [it] for good cows under usual conditions/' except that Morrison varies this maintenance energy 
allowance with the 0.87 power of the animal w’eight instead of directly with the weight as did Haecker and 
Savage. When this allowance for maintenance is used with tables cxprcs.sing the average total digestible 
nutrients in feeds, it really supplies not over 7.3 to 7.5 pounds of total digestible nutrients a day per 1,000 
pounds of live weight with full-fed milking cows. 
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deducted from the average feed values to cover the reduced digestibil¬ 
ity with full-fed milking animals. 

The Savage (1011) energy allowance for milk production is not 
significantly different from that of Haecker, being about 1.5 percent 
higher. 

Eckles (^91 ) worked on the utilization of feed in milk production at 
the University of Missouri. In a well known and veiy well conducted 
experiment, he determined the feed re^uire’d to maintain cows while 
they were dry by so regulating their diet that the net gain or loss in 
body weight for the experimental period was negligible. He also fed 
cows in like manner during a lactation period, and determined the 
digestibility of the feeds under both conditions. Wlien dry, the 
animals required the equivalent of 6.82 to 8.56—average 7.5—pounds 
of total digestible nutrients per 1,000 pounds of live weight to main¬ 
tain them; and Armsby (S3, p. 496), using these actual mainte¬ 
nance figures and Eckles’ actual digestibility figures, ha^ calculated 
that 50.35 to 72.82—average 61.94—percent of the metabolizable 
energy available for milk secretion was actually recovered in the total 
energy of the milk secreted. This is equivalent to an average of 
approximately 55.2 percent of the digestible energy. 

Both the Haecker results for the utilization of energy in milk secre¬ 
tion, as compared for different winter-feeding periods, and those of 
Eckles for individual cows show a great variation; and there is always 
considerable unavoidable error in any such experiments, the magni¬ 
tude of which it is difficult to estimate. But if we assume here that 
these experimental differences represent real differences in the perform¬ 
ances of the experimental animals, it is obvious that, in using feed¬ 
ing recommendations based on the averages so obtained, much is left 
to the judgment and experience of the practical feeder, however useful 
the recommendations may be as a guide to him or however carefully 
and painstakingly the experiments on which they are based were 
conducted. 

USE OF MATHEMATICAL PARTITION PROCEDURE IN STUDY OF THE UTILIZATION OF 
ENERGY IN MILK SECRETION 

Brody, also at the University of Missouri, has more recently applied 
a mathematical procedure to arrive at the proportion of the total 
digestible nutrients in the feed used for (1) maintenance, (2) change 
of body weight, and (3) milk production. He applied his method to 
groups of cattle for which records had been kept of the total feed 
consumption, the milk yield, and the body weight. With one group 
of 243 cows he calculated (156) that it required 8.2 pounds of total 
digestible nutrients per 1,000 pounds of live weight daily to supply 
the energy for maintenance, and that the total energy in the milk 
was about 61 or 62 percent of the digestible energy available for its 
production. This is about 68 percent of the available metabolizable 
energy. In two other calculations—one with 73 cows and another 
with 10 cows—Brody (164) arrived at a utilization of 51.5 and 64.5 
percent, respectively, of the digestible energy, or 57.8 and 72.4 percent 
of the metaoolizable energy available for milk secretion. 

Brody (16jf) also oidculated the utilization of energy in milk pro¬ 
duction at different ittages of lactation for the same cows. For 12 
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successive 28-day periods the utilization of available digestible energy 
was 82, 72, 67, 62, 60, 62, 64, 68, 62, 61,43, and 58 perceiit. According 
to these data, milk is appaiently secreted more efliciently early in 
lactation when the impulse to secrete it is most intense and the ani¬ 
mals are most likely to be underfed. Brody further essaycul to esti¬ 
mate the variation in the ediciency of the utilization of feed energy 
at various levels of feeding. He coiicluded that, as would be expected, 
this followed the law of diminishmg returns—that is, the efficiency of 
the utilization of energy in milk [)i‘oduction decreases with successive 
increases in the amount of food; but it must be definitely borne hi 
mind that increases that physiologically may be used less efficiently in 
the production of milk may nevertheless lead to increases in milk 
yield that are actually economically profitable. 

As a result of this work Brody suggested feeding a 1,000-pound 
milking cow 8.2 pounds of total digestible nutrients daily to supply 
the ene^y required for maintenance. In addition he assumed that 
this maintenance renuirement varies with the 0.73 power of the body 
weight of the animal, because it had been found that in general the 
energy loss in the basal metabolism of animals varies in this way 
with the body weight, and because a large portion of the energy 
expenditure in maintenance under practical conditions is involved in 
covering this loss. He calculated the energy required for milk pro¬ 
duction so that the gross energy in the milk was 61 to 62 percent of 
the digestible energy or about 68 percent of the metabolizable energy 
allowed for its proiluction. He also used 340 calories per pound (if 
4-percent milk and Overman and Gaines’ formula (SS?) (p. 643) to 
calculate the energy contents of milk containing more or less than 4 
percent of fat. 

It should be said, in connection with Brody’s calculations, that 
probably not all the factors that determine practically the energy 
requirements of cattle vary as the 0.73 power of the body weight, and 
that a variation in this assumption might considerably alter the 
calculation of the utilization of enei^y in milk secretion. 

CALORIMETRIC STUDIES 

Undoubtedly the most meticulous work that has been done on the 
utilization of energy in milk production is that cariied out by means 
of the respiration calorimeter, in which the energy intake and output 
of the animals have been measured as completely as possible. Kellner 
first carried out experiments of this sort with three milking cows. He 
calculated their maintenance re(iuirements from similar experiments 
with oxen; and Annsby, using Kellner’s data and allowing for the 
bodily retention or loss of energy, arrived at the metabolizable energy 
available for milk secretion. With these three cows, Armsby {S^, 
p. 496) calculated that 68.41, 72.80, and 66.91 percent (average. 69.4) 
of this metabolizable energy was utilized in milk production, that is, 
was recovered in the milk. In a similar experiment with ll <;ows 
at the Pennsylvania institute of Animal Nutrition, Forbes and Kriss 
(376) obtainkl results varying fronj 64.2 to 75.8 percent (average, 
69.3). This result would correspond to about 62 percent of the 
digestible energy. With these data and Armsby’s calc\dations of the 
energy content of the milks analyzed by Haecker (p. 643), Forbes and 
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Kriss arrived at the energy allowances in their feeding standard for 
milk production. They had also found that in the calorimeter it 
required 5.551 pounds of total digestible nutrients daily per 1,000 
pounds of live weight to maintain a cow. They thought this figure 
might be too low for practical purfjoses; and, assuming that milk 
would be secreted with the same efficiency under practical conditions 
as in the calorimeter, they used the above figures for the utilization 
of energy in milk production to calculate" the maintenance energy 
requirements of cows under practical conditions. They concluded 
that 5.972 pounds of total digestible nutrients daily per 1>000 pounds 
of live weight would meet this requirement. 

In closing these citations of experimental data on the utilization of 
energy in milk secretion, the fundamental work of Annsby with the 
calorimeter at the Pennsylvania Institute of Animal Nutrition cannot 
be passed by. Wlien he published his book on the Nutrition of Farm 
Animals in 1917 (32), the only calorimetric results on the utilization 
of energy in milk secretion available were those of Kellner, cited 
above. Both Kellner and Armsby observed that, if it is assumed 
that there is no energy loss in the making of the lactose and protein 
in the milk but that there is an enei^y loss in the making of milk fat 
similar to the loss in making body fat from carbohydrate in the feed, 
the efficiency of the utilization of metabolizable energy in milk secre¬ 
tion would vary with the composition of the milk but would bo very 
similar to that obtained e.xpcrimen tally by Kellner. Armsby set up 
a feeding standard for milk production based on this assumption. 
In his calculations he used Haecker's data on the composition of 
milk (p. 643). He also set up an energy standard for maintenance, 
which, according to Kriss (649), was equivalent to 6.456 pounds of 
total digestible nutrients daily per 1,000 pounds of animal weight. 

RELATION OF ENERGY FEEDING STANDARDS TO EXPERIMENTAL DATA 

In the twentieth edition of Feeds and Feeding (819, p. 1004), be¬ 
sides allowing 7.92 pounds of total digestible nutrients daily per 1,000 
pounds of body weight for maintenance and varying this allowance 
as already stated, Morrison makes recommendations for feeding for 
milk production by “good cows under usual conditions.” In calcu¬ 
lating this allowance he apparently uses about 341 calories for the 
total energy content of 4-percent milk, calculates the energy content 
of other milks according to Overman and Gaines’ method, and uses 
an efficiency of utilization of about 61 percent of the digestible enei^y. 
To this figure he adds 5 percent to offset the lower total digestible 
nutrient value of feeds with full-fed milking cows as compared with 
the average values as given in the tables in his book. 

The results on the physiological utilization of energy in milk secre¬ 
tion and the feed allowances based on them given in this article are 
summed up in tables 1, 2, and 3. Data from foreign standards of 
feeding are inserted in table 2 for comparison. These data are given 
here because they are used in calculating the efficiency of the utiliza¬ 
tion of energy in milk secretion. (See table by Kriss (649), from 
which most of these data are taken.) It is obvious that the average 
physiological utilization of digestible energy in milk secretion is close 
to 60 percent, or that of metanolizable energy about 67 to 69 percent. 
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It is also obvious that the energy allowances for milk production 
according to the various standards, with the exception of Ilaecker’s, 
are identical with the average calculated requiremeut according to the 
efficiency ot utilization found. Whether the conditions under whicli 
these different figures were obtained reflect the most profitable practice 
in feeding remains to be seen. 


Table \ .—Hprc(*ntaf*p ntiUzation of pnprf*y in milk seerpiinn 


! 

, Flnergy in milk as iH‘rcentage of— , 

1 

Energy in milk as percentage of - 

Exi)erimenter | 

Available * 

1 digestible 
energy 

Available • metab¬ 
olizable energy 

Experimenter 

! 

.Vxailable ^ 1 
digestible ' 
cTUTgy 

1 

Available ^ metab¬ 
olizable energy 

1 

llaecker_ 

Kckle-s_ 

Brody * _ 

Percent 

58 

55 

61,51.5,64.5 

Percent 

65 

62 (50.35 to 72.82) 
68, 57.8, 72.4 

j Kellner 

1 

i F<»rbesand Kriss. 

Percent 

f»2 

62 

i Percrut 

1 69.4 (fW.ll, 72.80, 
i 6(>.91) 

69.3 (6t.2 1«» 75.S) 


1 That is, the enorgy availablo for production after allowing for nuiiiUenanee and change in body weight, 
s For groups of animals irrespiHdive of stage of lactation. 


Table 2. — Knerf^y requirements found experirnentaUy or ^ii^n in various standards for 

the maintenance of dairy cuttle 


Author 

d'otal digestible 
nutrients recom- 
meiuied, or 
found exiTeri- 
mentally, to 
supply daily 
energy require¬ 
ments for a l.OfK)-; 
liound cow 

Remarks 

Haecker__ 

Pounds 

‘ 7.925 , 

To be u.sed with tabh‘S of average digestibility. Probably 

Eckles ...-_ 

>7.5 

actually equivalent to 7.3 to 7.5 ptmnds of total digest ible 
i nutrients. 

: Using actual digestibility. 

Savage -- __ 

3 7.925 

! Equivalent actualh to about 7.5 pounds of total digestible 

Morrison . _ -- 

4 7. 925 

i nutrients as taken from tables basL'd on average digesti- 
! bility. 

i Equivalent actually to about 7..*) pounds of total digestible 

Brody . 

*8.2 

nutrients. 

Armsby - -. 

« 7 (i. 456 


Forbes and Kriss. 

8 5. 972 


Kellner ... 

» 6.673 


Mollgaard ... 

fi 5.860 


Nils Hansson .- _ 

« 5. 638 






1 Average of actual dideniiiuations, «.8. IVlaintonance taken as varying with tlie first power of the weight. 
> Found experimentally 6.8 to 8.6 pounds; 7.5 calculated using either the first power or the tw o-thirds power 
of the weight; 6.8 to 8.6 apply only to calculations based on variation of maintenance with two tlnrds power 

^^3^Us^^^aecker's recoinniendation. Maintenance taken as varying with the first powrer of the wvight. 

^ Usetl naeckcr's recommendation. Varied as the 0.87 power of the live weight. 

5 Used the calculated result with the one group of 243 cows. Varied as the 0.4 3 power of tlu' live weight. 
« As expressed in TDN (total digestible nutrients) according to Kriss (6.'9). 

7 Annsby varied the maintenance allowance of energy wnth the two-thirds power of the weight. 

' • Average for requirements determined under “practicar’ conditions. 
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Table 3. -Energy required for milk production according to various standards^ expressed 
in TDj\ ^ allowed per pound of milk 


Fat in milk (iK*rcent) 

Haecker ^ ^ 

Arms¬ 
by * 3 

Forlx‘.s 
and 1 
Kriss 3 ! 

1 

Brody 

Morrison 3 < 

Moll- 

gaard 

Ilan.s- 

SOTl 

3 .... 

4 ... 

5 _ 

6 . __ 

7 . . 

Pound 

0. 284 
.343 
. 308 
.451 

[ .502 

Pound 
0.230 
.285 
.330 I 
.388 1 
1 .439 

Pound 
0.251 i 
.300 ' 
.350 1 
.303 1 
.433 1 

Pound 

'”0.305 

Pound 

0.261 or 0. 276 

1 .307 or .324 
.353 or .373 
.399 or .422 
.445 or .470 

Pound 
0.252 
.302 
.351 
.396 
.437 

Pound 
0.267 
. 302 
. .339 

4 8____i 





. 331 

. 275 

1 

. .3045 

! .305 

.293 or .309 


- 

Energy in milk in iXTcent of 

Percent 

Percent 

Percent 

Percent 

Percent 



available digestible energy 

.56.8 

68.3 

61.7 

61.6 

64.1 or 60.8 



Energy in milk in percent of 








available metabolizable ener* 








gy«. _ 

1 63.7 

76.6 

69.3 

69.1 

71.9 or 68.2 




1 



1 





1 TJ)N stands for total digestible nutrioiits. 

* Calculated to be used with tables giving average total digestible nutrients in feeds without further 
allowance for the lower digestibility in case of milking animals. 

3 Based on the energy content of milk calculated by Armsby from Haecker’s analyses (table a, p. 643). 

< Based on 4-porcent milk with an energy content of about 340 calories per pound, using Gaines’ formula 
to calculate the energy content of milks with difTerent other percentages of fat. 

5 Actual total digestible nutrients allovve<i for 4-porccnt milk containing 341 calories i)er pound, using the 
same percentage utilization of energy in each case as in the figures above. 

* Calculated from the actual TDN allowed, and the energy content of milk (footnob* 5). 

UTILIZATION OF PROTEIN IN MILK SECRETION 

Before considering the results of experimental work on the con¬ 
version of feed proteins into milk proteins, it may be well to recall four 
fundamental facts that, although fully recognized by all workers in 
this field, are frequently obscured by the conventional methods of 
expressing results. 

(1) In analyzing feeds, the amount of nitrogen they contain in 
chemical combination is multiplied by a certain factor—generally 
6.25—and the figure thus arrived at is taken as the protein content of 
the feeds. The factor varies somewhat, depending on the percentage 
of nitrogen in the particular feed proteins considered. 

(2) When the digestibility of a feed protein is given as 60 percent, 
it means that the chemically combined nitrogen in the feces of the 
animal is 40 percent as much as that in the feed. It does not mean that 
40 percent of the feed protein has passed unchanged into the feces, for 
a large amount of nitrogen is excreted in the feces on a diet entirely 
devoid of protein. Much of the nitrogen in the feces occurs in un¬ 
absorbed gastrointestinal secretions and debris, and in bacterial 
products formed from various nitrogenous materials. The amounts 
of this so-called metabolic fecal nitrogen on a diet without any protein 
vary with the quantity of feed and particularly with the quantity of 
indigestible material in the feed. The increase in the excretion of 
nitrogen in the feces as a result of adding protein to the diet frequently 
accounts for only a small fraction of the added feed protein. To use an 
extreme illustration, the digestibility of the protein in straw is ordi¬ 
narily given as about 30 percent; but after allowing for the metabolic 
nitrogen that may occur in the feces on such a diet, even if it contained 
no protein, it has been calculated that the increase in fecal nitrogen 
due to the protein in the straw is negligible, accounting possibly for 
not over 10 percent of the protein in the straw; and it might with 
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reason be questioned whether or not tliis small amount of straw 
protein actually passes chemically unchanged into the feces. When 
50 to 60 percent of a feed piotein is said to be digestible, it is possible 
that actually 90 to 100 percent of it is digested; 90 to 100 percent of 
the amino acids are actually absorbed and are available for the 
various bodily functions, including the formation of the materials 
ultimately excreted as metabolic fecal products, other maintenance 
processes, and milk secretion. 

(3) As pointed out elsewhere in this Yearbook (pp. 177, 439), it is 
now known that only 9 of the 20 or more amino acids formed in the 
digestion of various proteins need he supplied in the diet of the rat to 
produce some growth; and, accowliug to a recent paper (226), these 
amino acids are required for ma.intena,nce alone. For normal growth 
another amino acid, arginine, which is made by the rat at a sufficient 
rate to permit some growth or for maintenance alone, must be sup¬ 
plied to some extent in the diet. No such extensive work has been 
carried out on the amino acid requirements of other animals; and 
little is known either qualitatively or quantitatively about the amino 
acids that must be supplied in the diet for any function or combination 
of functions. So far as is known, no amino acid that has been found 
essential in the diet of the rat is synthesized by other animals, but 
knowledge at present is very meager in this matter. 

On one important question there is a complete lack of knowledge: 
Can all of the amino acids not found to be essential in the diet of the 
rat for growth and maintenance be syiithesized for milk secretion 
readily enough so that a lack of them will never impede or limit the 
production of milk; or is it advantageous to supply these amino 
acids “ready made” in the diet of lactating animals? The amino 
acids that it is essential to supply in the diet of the rat constitute 
about 40 percent of the weight of the proteins in cow’s milk; those 
which the rat ap[)arently can synthesize constitute 60 percent of the 
milk proteins. Wliether the particular amino acids that constitute 
only 40 percent of the weight of the milk protein are the only ones 
that must be supplied for milk production cannot now be said; nor 
can it be said what raw materials may be re(|uired for the synthesis 
of the amino acids that constitute the other 60 percent of the milk 
protein, or whether it may promote milk production to supply these 
other amino acids also. The possibility of the synthesis of amino 
acids by bacteria in the paunch of ruminants must also be kept in 
mind; for there is definite evidence indicating—or so it is interpreted— 
that these animals may use simple nitrogenous compounds such as 
urea in place of protein. 

(4) An additional fact must be considered in connection with the 
utilization of protein in milk secretion. The amino acid make-up of 
the milk proteins, particularly casein, is known, both qualitatively 
and quantitatively, to a considerable extent. This is not true of 
the amino acid make-up of the mixtures of proteins in feeds, or the 
amino acids required for ma,intenance or excreted in metabolic fecal 
nitrogenous materials. It is quite likely that some amino acids 
required in relatively large quantities in the synthesis of milk pro¬ 
teins may be needed in relatively veiw much smaller quantities in 
such bodily processes as are involved in the iiiaintenance of the 

141304'—:i0-43 
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animal. In such cases, amino acids in the feed quota allowed for 
maintenance supplement deficiencies of amino acids in the protein 
allowed for production; and the total dietarj" protein is thus used 
much more efficiently than would be anticipated were it possible to 
determine its utilization separately for each of these functions. That 
this is most likely an important factor in determining the utilization 
of feed protein in milk production will appear later. 

The method of expressing protein requirements separately for 
maintenance and milk production does not mean that the dietary 
quotas allowed for these functions are used separately and inde¬ 
pendently in the body of the animal to serve tnese functions. It 
simply means that the amount of protein allowed for maintenance is 
considered adequate for the nonlactating animal, and that when the 
animal is milking a certain amount more is needed to meet the proc¬ 
esses of maintenance and milk secretion together. The method of 
expressing protein requirements certainly should in no way lead to 
the assumption that the protein metabolism of the milking animal is 
the same as that of the nonlactating animal plus simply the added 
operations going on in the mamman^ gland. The lactating animal 
should rather be consitlered as a whole—as a new manufacturing plant 
or a new organization temporarily operating as a new unit under 
new management. Probably the endocrine set-up and organization 
of the lactating animal is temporarily altered as this analogy would 
suggest. Any calculation of the utilization of protein in milk jiro- 
duction that disregards this situation may lead to entirely erroneous 
and incredible results. 

CALCULATION OF THE POSSIBLE UTILIZATION OF FEED PROTEINS 
FROM KNOWLEDGE OF THEIR AMINO ACID COMPOSITION 

It is true that there are very few reliable data on the amino acid 
composition of the protein mixtures in feeds that under any circum¬ 
stances would enable the calculation, from their chemical composition, 
of their possible use in the synthesis of milk proteins. Morris and 
Wright (817), at the Hannah Research Institute in Dairying in 
Scotland, noted that frequently the utilization of a feed protein, 
added for milk production to a certain basal feed mixture, seemed to 
vary with the lysine content of the added protein. These workers 
determined the lysine content of a large number of feed proteins. 
The data are shown below, averaged with similar figures quoted by 
Morris (816) from other workers. The figures undoubtedly are not 
accurate, but they may be roughly comparable. At any rate they 
will illustrate how the amino acid composition of a feed protein may 
affect its utilization in milk production. 



‘ Lysine 


Lysine 


Lysine 


nitrogen 


nitrogen 


nitrogen 


{percerU) 


(percent) 


(percent) 

Skim milk_ 

. - - 8. 27 

Peanut t*ake_ ., . 

4. 46 

Red clover hav 

2. 62 

Blood meal_ 

10.38 

Alfalfa_ 

4. 43 

Wheat_ 

- 2. 47 

Meat meal_ 

... 8. 14 

Wheat bran_ 

4. 15 

Corn___ 

_ 2. 17 

Beans.. 

7.44 

Cottonseed moaL 

4. 21 

Bariev_ 

- 2. 19 

Peas... 

7.04 

Linseed meal_ 

3. 51 

Oat straw_ 

- 1. 29 

Soybeans_ 

__ 6. 18 

Oats - _ , 

2. 91 

Beet pulp. _ 

. . 23 


On the assumption that the lysine for the production of milk pro- 
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teins must be supplied in the feed, it is obvious from these data that 
1 pound of blood-meal protein or meat-meal protein could supply 
enough lysine to make 1 pound of milk protein, and also that this is 
not quite true for any vegetable protein in the list. With the pro¬ 
teins in beans, soybeans, and pe>is it woidd require only 11 to 34 
percent more protein in the diet than is secreted in the milk; with 
the proteins in peanut cake, wheat bran, cottonseed meal, and linseed 
meal it would require at least twice as much; but with the other feed 
proteins listed it would retpiire at least three or more times tis much 
feed protein as there is in the milk for its production. Although it 
might be worth while to repeat the analyses with recent improve¬ 
ments in procedure, Wright and his collaborators have in a number 
of instances obtained effects on milk yield in accord with these data. 
In applying these conclusions, it should be remembered that the 
lysine for the synthesis of milk protein need not come entirely from 
the protein supposedly furnished for production requirements. Mor¬ 
ris and Wright (818) liave roughly estimated that only about 4 grams 
of lysine are required for the maintenance of a l,()00-pound cow, and 
anything over this amount in the maintenance allowance might be 
used for milk production. 

USE OF BIOLOGICAL VALUES IN CALCULATING PROTEIN REQUIREMENTS 
FOR MILK SECRETION 

Mitchell (796) has approached the problem of the protein require¬ 
ments for milk production from another viewpoint. The “biological 
value” of a protein for a single function like milk production cannot, 
of course^ be determined; but he suggests that the biological value of 
proteins in covering the various functions in milking ruminants may 
safely be assumed to be not less than .50 percent, and that the dietary 
protein requirements of these animals may be roughly approximated 
accordingly. He would thus feed an amount of digestible protein 
equivalent to twice the protein secreted in the milk to cover the 
protein requirements for its production. 

BALANCE EXPERIMENTS ON THE UTILIZATION OF PROTEINS IN MILK SECRETION 

A third method used in the study of the utilization of proteins by 
milking animals is one in which account is kept of the total nitrogen 
intake and output of the animal. The method is also used to deter¬ 
mine whether or not a milking animal is receiving a ration to which 
it is possible for her to adjust herself. Very great care must be exer¬ 
cised in conducting and interpreting such experiments. For instance, 
in studying the utilization of feed protein in maintenance and milk 
production, the animal shoidd be approximately in nitrogen equilib¬ 
rium (p. 181) or else the utilization of the amino acids in the feed 
mixture will be altered by those derived from the body tissues or being 
used in the synthesis of tissiie. However, in studying the possibility 
of an animal’s accommodating itself eventually to a given feeding 
regime, a positive or negative nitrogen balance majr simply mean that 
the period allowed for adjustnient has been insufficient. Even appar¬ 
ent equilibrium between the intake and output of nitrogen in such 
experiments is not an abolute guarantee of actual balance and adjust¬ 
ment of the animal to the given feeding regime, for the amount the 
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animal is out of balance may be within the limit of the experimental 
error of the procedure used. 

Such difficulties in the conduct and interpretation of balance experi¬ 
ments are generally recognized and may be illustrated by the well- 
known e^eriments of Hart and Humphrey {4^6) on the relation of 
the quality of protein to milk production. These experiments demon¬ 
strate clearly and strikingly a difference in the utilization of feed 
proteins in milk production. The milk yields were not much affected 
ny the changes in the kind of protein in the diet; but when milk pro¬ 
teins were fed along with a basal ration of corn stover and a small 
amount of starch, the cows laid on protein reserves in their bodies; 
whereas, when the same quantities of wheat or corn proteins were fed 
with the same basal ration, the cows actually “milked flesh off their 
bodies” in obtaining protein to keep up this milk yield. It is impos¬ 
sible to assign numerical values that will express this striking difference 
in the value of these feed proteins, for when the milk proteins were 
fed the f^ures would include their use in tissue synthesis as well as 
maintenance and production, whereas with the wheat and corn pro¬ 
teins the figures woidd include the tissue pi'oteins that supplemented 
them in maintenance processes and production. Nevertheless the 
results of these experiments, besides clearly demonstrating a difference 
in the value of feed protein, demonstrate also that the amino acid 
mixtures available for production on the various rations were used 
with a very high degree of efficiency. If it is assumed that the nitrogen 
absorbed with the milk proteins in the diet was used with 100-percent 
efficiency in the synthesis of milk and new tissue proteins (which woidd 
not be true), then the equivalent of only 0.4 pound daily of absorbed 
protein was available per 1,000 pounds of live weight to cover the 
requirements for the maintenance processes going on in those animals. 
With the corn or wheat proteins in the diet, this figure on the same 
basis was about 0.6 or 0.7 pound per 1,000 pounds of live weight, 
respectively, using average weights for animals of the breeds used. 
This ecOTiomy of utilization of protein on the corn and wheat diets 
was obtained under conditions which, of course, could not continue 
in practice. The rutrogen in the milk protein produced in this experi¬ 
ment was from 20 to 35 percent of the total nitrogen in the feed minus 
that equivalent to tlie nitrogen in the protein laid on in tlie tissues or 
plus that lost from tissues when the nitrogen balance was negative. 

In two other papers. Hart and Humphrey (487, 488) compare the 
same series of proteins when fed to milking cows to supplement differ¬ 
ent basal rations. When fed along with corn stover and corn silage, 
the proteins in gluten feed were found to be inferior to those in oil 
meal, distillers’grains, casein, or skim-milk powder; but the proteins 
in gluten fe^, oil meal, distillers’ grains, and cottonseed meal were 
equally efficient as supplements to a basal ration of com meal, corn 
silage, and clover hay. 

These workers also found that— 

it is not possible to furnish dairy cows of high milk-producing capacity with a 
protein level of sufficient magnitude or quality to maintain that capacity from a 
clover-corn silage-cereal grain mixture, the latter being corn, barley or oats alone 
or a mixture of the three {489) ; 

but that this is possible when alfalfa is substituted for the clover. 
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Armsby (3^, p. has calculated the percentage utilization of 
protein in inilk production from ba^nce experiments similar to those 
of Hart and Humphrey. The experiments were carried out by Jordan, 
Hayward, and Kellner (see Armsby {3^)) and in the Laboratory for 
Expenmental Research in Copenhagen. The animals in all of the 
experiments were on low-protein rations; most of them were losing 
more or less nitrogen from their bodies. Armsby in his calculation 
allowed 0.6 pound of digestible protein daily to cover the require¬ 
ments for maintenance. If, in order to arrive at the protein avadable 
for production, the nitrogen laid on by the animal in new tissue is 
subtracted from the absorbed nitrogen, or the nitrogen lost from the 
tissues is added to it, the average occurring in the milk would be 116, 
93, 91, and 96 percent, respectively, of the available nitrogen in these 
experiments. As most of the animals were apparently losing some 
nitrogen from their bodies, this efficiency of utilization, like that of 
Hart and Humphrey, could not obtain in practice or be used with 
assurance m calculating the protein to bo added to the assumed main¬ 
tenance allowance to cover the requirements for milk secretion. It 
would also be difficult to estimate the adjustment in feed protein 
necessary to bring these animals into nitrogen equilibrium or to tell 
whether in the course of time such an equilibrium would occur without 
change of diet or without reduction of milk yield. 

In considering the maintenance allowance used by Armsby in these 
calculations, it should be pointed out that in several such studies 
nitrogen equilibriums or positive nitrogen balances have been re¬ 
ported under cojiditions where, if 0.6 or 0.7 pound of digestible pro¬ 
tein daily per 1,000 iiounds of animal weight be allowed for main¬ 
tenance, more pi-otein would have occurred in the milk than the 
amount of digestible protein left for its production, as in the experi¬ 
ments of Jordan and as with the cows of Hart and Humphrey when 
on the milk protein rations. This means that the nitrogen used in 
maintonaiice in the milking animal is less than that calculated; but 
it does not mean that this nitrogen used in maintenance (or the 
amuio acids it represents) is necessarily different in milking and dry 
animals, for in either instance the amino acids actually used in main¬ 
tenance are only a select portion of the total feed protein required 
to supply them. 

Forbes and Swift {376), at the Pennsylvania Institute of Animal 
Nutrition, have presented data on the efficiency of the utilization of 
protein in milk production in a paper based on 45 nitrogen balances 
determined with milking cows. The average milk yield was 42.6 
pounds daily; the cows were fed “all that they could be depended 
upon to clean up absolutely without waste,” wlxich “signifies that they 
were not up to full feed”; and “the proportion of protem in the rations 
was considered to be liberal.” The average nitrogen retention for 
all 45 balances was 8.1 grams daily, 24 of the balances bemg positive 
and 19 negative. If 0.6 pound of digestible protein be allowed for 
maintenance, about 80 percent of the digestible protein was used in 
maintenance and in the synthesis of milk and tissue proteins. This 
experiment, recalculated, shows that a positive nitrogen balance and 
a good average yield of milk may occur on a level of digestible protem 
equivalent to 0.65 pound daily per 1,000 pounds of live weight plus 
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1.5 times the protein in the milk, which is pnn^tically what was fed 
on an average in these experiments, and which is the allowance now 
“recommended for good cows under usual conditions” in Morrison’s 
Feeds and Feeding {819, p. 1004). 

The data are of practical importance as indicating tlu'! efficiency 
with which protein can be used by milking cows when fed at a level 
that has been recommended as optimum for ])rac.tical use. The data 
in themselves, however, do not bear on the (piestion of whether the 
level of feeding was optimum or not. The av(Mag<! positive nitrogen 
balance was undoubtedly due only to some temporary condition, 
possibly in part to the method used to get the animals promptly onto 
their experimental rations. Nitrogen ecpiilibriuin is possible at 
various levels of protein feeding. An imbalance within the range at 
which equilibrium may come about simply means that the experi¬ 
mental animals have not yet completed their adjustment to the cur¬ 
rent conditions, and not that the feed allowance is too much or too 
little. Nitrogen equilibrium may occur at an even higher level of 
feeding than was used here; the protein may be physiologically less 
efficiently used; but wlietber the increased feeding would be profitable 
or not would depend upon the capacity of the aidmal to res})ond with 
increased production to these increments in feeding. 

LONG TIME FEEDING EXPERIMENTS WITH VARIOUS LEVELS OF PROTEIN IN THE DIET 

The results of the balance experiments of Hart and Humphrey, of 
Forbes and Swift, and of those taken from Artnsby should be con¬ 
sidered in connection with those obtained in practical feeding experi¬ 
ments of long duration carried out to obtain the mitiimum level of feed 
protein necessary for milk production. The work rnost often men¬ 
tioned in this connection is that (*f Huschmann in Germany {176), 
Hills at Vermont {515), and Perkins at the Ohio Agricultural Experi¬ 
ment Station {907). The last will be considered here, because Perkins’ 
experiments took complete account of the feed intake and some with 
individual cows were of very long duration. For instance, Perkins 
{908) presents data for a cow that for five full lactation periods pro¬ 
duced on an average the e<iuivalent of 0,0.37 [xmnds of 4-percent milk 
on a ration that would supply 0.55 pound of digestible protein daily 
for rnaintenance provided an amount of protein oidy e(|uivalent to 
that in the milk were allowed for production. Perkins docs not regard 
this as a practical ration but says: “Several inv<'stiga.tions reported 
in the last ten years have shown that satisfactory results may be 
expected from the use of a ration supplying approximately 1.25 pounds 
of digestible crude protein per pound of protein contained in the milk, 
in addition to the customary maintenance allowance” of about 0.7 
pound of protein per 1,000 pounds of live weight. 

In his papers Perkins recognizes that additional protein may be 
desirable from a commercial standpoint; and he is quoted (Kriss {649)) 
as saying that optimum production occiirs at levels of protein feeding 
equivalent to between three and six times the protein in the milk 
secreted, besides the allowance of 0.7 pound daily of digestible protein 
for maintenance. 

Perkins presents balance-experiment data with some of his cows. 
With one fed somewhat below what he recommends in practice {910) 
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the ration contained 1,230 grams of total protein, and the cow made 
369 grams of milk protein—a result not at all inconsistent with what 
is known (and not Known) of the chemical make-up of feed and milk 
proteins and of the amino acids involved in maintenance and the pro¬ 
duction of the metabolic fecal materials. If with this cow 1.26 tunes 
the protein in the milk were allowed for milk production, about 244 
grams (or 0.64 pound) of digestible protein would be available for 
maintenance. Such economy of the utilization of protein in milk 
production must be recognized as possible. Two <iuestions, however, 
arise: (1) How generally does such economy prevail in practice, and 
(2) is this the level at which it is most profitable to feed? 

Tests to answer the first question have been made at the Bureau of 
Dairy Industry farm at Beltsville, Md. (196). A low-protein feeding 
regime similar to that used with Perkins’ cow' above—containing 0.6 
pound of protein daily per 1,000 pounds of live weight for mainte¬ 
nance plus 1.25 times the protein m the milk—was compared with a 
ration containing 0.7 pound of protein daily per 1,000 pounds of live 
weight for maintenance and twice that in the milk for production. 

Two Jersey cow's were first put on the high-protein ration for a lacta¬ 
tion period. Their rations contained some casein. At the end of 
this lactation period, this protein was replaced with a carbohydrate 
preparation so as to reduce the amount to that in the low-protein 
feeding regime. One of the cows remained on this low-protein ration 
for one lactation period. The yield of milk and of milk fat each 
dropped 50 percent as compared with the previous lactation period. 
At the end of this period on the low-protein ration, the cow was 
changed back to the high-protein ration by replacing with casein a 
little of the carbohydrate preparation in the ration; and in the suc¬ 
ceeding lactation period, she returnetl fully to her original level of 
production. 

The second cow in this experiment behaved (|uite differently in 
some respects. During her first lactation period on the low-protein 
ration she showed only a very a%ht drop in production. She was, 
therefore, continued on this ration for another lactation period. She 
calved normally and then failed decidedly in production, going dry 
within 5 months. During this second lactation period on the low'-pro- 
tem ration she produced only 1,898 pounds of milk and 62 of fat—less 
than 27 and 18 percent, respectively, of her milk and fat production on 
the previous high-protein ration; and the fat in her milk dropped from 
an average of 4.8 to an average of 3.3 percent. After this failure in lacta¬ 
tion the second cow was put on the high-protein feeding regime, and, 
like the first cow, in her next lactation period she did fully as w'ell as 
she had previously done. 

This experiment demonstrates quite clearly the inadequacy of the 
low-protein feeding regime with these Jersey cows^—that is, the in¬ 
adequacy of feeding 0.5 pound daily of digestible protein per 1,000 
pounds of live weight for maintenance plus an amount of digestible 
protein equivalent to 1.25 times the protein in the milk to cover the 
requirements for production. It also shows dramatically the effect 
of this particular type of deficiency with milking animals. The animals 
appeared normal, and reproduction occurred normally. There was a 
loss in body weight, but the only other obser. able result of this 
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deficiency of protein in the diet was the effect on lactation. IVo 
further facts may be noted in this experiment in connection with the 
second cow. (1) Hart and Humphrey showed that when a milking 
cow is put on a diet inadequate to supply her protein requirements, 
she may maintain her milk at the expense of protein taken from her 
own body tissue. The present experiment shows that a condition of 
this sort may continue for a whole lactation period on a diet on which 
continued production is finally impossible. (2) The difference in 
production between the second lactation period on the low-protein 
diet as compared with the first was not due to any difference in feeding 
but rather to a difference in the nutritional state of the animal as a 
result of previous feeding. This illustrates the importance of feeding 
in preparation for lactation. 

Since feeding milking cows 0.5 pound of digestible protein daily per 
1,000 pounds of animal weight, plus an amount of digestible protein 
equivalent to 1.25 times the protein in the milk produced, may lead 
to disaster with some cows, the (juestion arises as to what might 
happen if the protein allowance for maintenance were somewhat 
increased, say to 0.7 pound daily of digestible protein per 1,000 pounds 
of live weight, with the allowance for production not materially 
altered. This level of feeding has been carefully tested out and com¬ 
pared with other feeding regimes in an extensive practical feeditig 
experiment by Harrison and Savage {JiSJi) at the New York (flormdl) 
Agricultural Experiment Station. They fed a basal ration of silag(* 
and hay to three groups of milking cows. In addition, these grou[)s 
of cows received while milking grain mixtures containing, respectively, 
16, 20, and 24 percent of total protein, equivalent to 12.7, 16.3, and 
19.5 percent of digestible crude protein. The cows were so selected 
that the milk yields of the three groups were initially as nearly alike 
as possible. The ratio of the grain allowed in the ration to the itiilk 
produced was the same in all three groups. During the first lactation 
period the difference in production between the three grou[)s was 
small, the group receiving the 20-pcrcent total protein ration doing 
slightly better than the group getting the grain mixture containing 
16 percent of total protein. During the second year of the c.xperimcnt 
the difference was slightly greater than during the first. 

The authors conclude; 

A 16 percent total protein concentrate mixtun^ with No. 2 inediuin tiinotliy- 
clover mixed hay and corn silage as roughages will give as higli production when 
fed at the rate of one pound of concentrates to each three and one-half pounds 
of milk produced as either a 20 percent or a 24 percent total protein concentrate 
mixture. When 0.7 of a pound of digestible protein is deducted, per 1,000 pounds 
live weight for maintenance, a 16 percent total protein concentrate mixture fed 
with mixed hay and corn silage furnishes 127.8 percent of the protein in tlie 
milk. This amount of protein proved to be adequate for efficient and economic 
milk production. 

Again, in comparing these rations, Harrison and Savage say— 

when 0.7 pound of digestible protein per 1,000 pounds live-weight is deducted 
for maintenance the ratio of the digestible crude protein consumed to the protein 
produced in the milk, both years, was as follows: 16-porcent group 127.8 pendent, 
20-percent group 149.8 percent, 24-percent group 180.6 f)ercent. The 16-pcrcent 
concentrate mixture furnishing 127.8 percent of the protein in the milk was just 
as effective in milk production as either the 149.8 percent or 180.6 percent. 

One pound of hay and three pounds of silage were fed for eacli 100 
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pounds of the cow’s live weight in this experiment, and most of the 
cows weighed between 1,200 and 1,300 pounds. A ration containing 
a grain mixture with 12 percent of total protein was tested out and 
found to be unsatisfactory. 

These conclusions of Harrison and Savage cannot be quoted, how¬ 
ever, without noting one result that might eventually be found to 
disturb their finality. It is in regard to the performance during the 
second year of the same cows that were fed these various levels of 
protem for 2 successive years. None of those that received the ration 
containing the 16-percent grain mixture produced more milk the 
second year on this ration than they did the first; whereas four of 
the nine cows on the 20-percent protein ration and seven of the nine 
cows on the 24-percent ration produced more milk the second year 
than they did the first. The average increase of the seven cows on 
the 24-percent protein ration for the two lactation periods was 800 
pounds. In time feeding these grain mixtures richer in protein, 
therefore, might prove profitable. However, doubt is cast on this 
conclusion with some cows, at least, for despite this observation it 
must be recognized that Perkins’ cow, pi’cvioiisly referred to, went 
for 5 years on less protein than Harrison and Savage fed in the ration 
that contained tlie 16-percent grain mixture, and produced on an 
average the equivalent of 6,037 pounds of 4-percent jnilk. It is also 
true that positive nitrogen balances have been obtained on levels of 
protein feeding close to that used in Harrison and Savage’s 16-percent 
protein ration (Perkins, and also Maynard, Miller, and Krauss {772)). 
But, in considering the significance of these, it must be borne in mind 
that duplicate animals when identically fed may not agree verjr well 
in the story they tell and may reverse themselves from period to 
period in the same experunent; and that thei'efore the probable error 
in such work may be great where the experimental periods used are 
few or short. 

Although cows may frecpiently maintain their milk yields for long 
periods at the expense of theii* bodily stores of protein, as in the 
experiments of Hart and Humphrey and at the Bureau of Dairy 
Industry farm, some cows respond immediately with tlecided changes 
in milk yield and in the composition of the juilk when drastic changes 
are made in the quantity or quality of protein in their diet. Wright 
and his collaborators at the Hannah Research Institute in Dairymg 
in Scotland {816, 817) have carried out a series of expeiiments in 
which they varied the quality of protein in the diet much as Hart 
and Humphrey did. They fed milking cows the equivalent of 0.65 
pound of crude digestible protein daily per 1,000 pounds of live weight 
plus about lYz times the amount of protein in the milk produced. 
'The maintenance ration in Wright’s experiments was kept constant 
in composition. The protein in the portion of the ration that was 
added for production was supplied from various sources. The feed¬ 
ing of some of these proteins was accompanied by a depression in 
mnk yield, while others brought about a recovery or a more normally 
sustained yield. Apparently with this feeding regime some of the 
proteins were adequate and some were not adequate to maintain 

production. • i j l- 

The experiments of Harrison and Savage and of Wright and his 
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collaborators are exceedingly important. They test out approxi¬ 
mately the protein feeding level recommended by Perkins, which is 
sliglitly more liberal than the “minimum allowance advised” in 
Morrison’s Feeds and Feeding (819). 

At the conclusion of their experiments, Wright and his collaboratois, 
using certain assumptions, calculated biological values for milk pro¬ 
duction for the proteins they used, and arranged the proteins accord- 
higly, as follows: 

Bidiogic-al value for 
milk production 

Source of protein 

Fresh and dried spring grass_ 

Grass silage (made from summer grass)_ 

Low-temperature dried blood meal__ 

Fresh and dried autumn grass__ 

Bean meal and pea meal ___ 

High-temperature dried blood meal_ 

Meat meal___ 

Decorticated earthnut cake- 

Decorticated earthnut cake and flake inaige 

Linseed cake_ - - _ 

Linseed meal_ __- _ 

These numerical values are purely arbitrary, and the arrangement 
very likely would not be fouiul to apply if the proteins were fed in 
coiuiection with a different basal ration from that used. This arrange¬ 
ment and the assigncfl values are of interest, however, as expressing 
qualitatively the effect and relative utilization of these proteins in 
milk production in the feed combmation used. They are also of 
interest because in a number of instances Wright et al. noted a cor¬ 
relation between the lysine content of the protein in these feeds and the 
values assigned to them. 

It is impossible to review here all of the experimental work on the 
relation of the level of protein in the feed to the production of milk. 
The work mentioned has been cited to show the approximate minimum 
level of feeding at which milk may be produced, the elfect of the 
quality of protein upon its utilization, and finally tlie effect of feedmg 
amounts of protein much in excess of the minimum necessary for 
production. These citations would not seem complete, however, 
without referring to Haccker’s (45S) work on the amount of protein to 
feed for milk production. For four winter feeding periods Haecker 
fed cows digestible crude protem equivalent to an average of 1.68 
times that estimated to be in the milk produced. This was in addition 
to 0.7 pound per 1,000 pounds of live weight for maintenance. Tlie 
milk yield of these cows was no better than that of others in a second 
series of four winter feeding periods where the average digestible 
protein was only 1.38 times that in the milk. In concluding tliese 
8 years of experimental work Haecker said: 

It appears from these results that aa allowance in the daily ration of 1.5 units 
of crude protein fdigestible] to one unit of protein in the milk would be ample under 
the condition that obtained in the Station herd. 

He^ recoirunended the use in practice of an amount of digestible 
protein equivalent to 1.75 times the protein in the milk (see p. 643 for 
composition of milks analyzed by Haecker). It will be recalled that 
Perkins is quoted as saying that the optimum production of milk 
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occurs at levels of feeding between three and six times the protein 
in milk even when 0.7 pound of digestible protein daily is allowed for 
maintenance. 

Forbes and Kriss in 1931 {375) set up a feeding standard in which 
they recommended 0.6 pound of digestible crude protein daily per 
1,000 pounds of live weight for maiivtenance plus an amount of 
digestible protein equivalent to between 1.25 and 1.75 times the 
protein in the milk. Morrison’s standard in Feeds aiid Feeding {819) 
is also expressed in terms of crude digestible protein. He recom¬ 
mends 1.25 to 1.5 times the protein in the milk plus 0.6 to 0.65 pound 
of protein per 1,000 pounds of live weight for maintenance. These 
recommendations are, of course, based on average conditions. The 
quality of the protein in the feeds used and the capacity of the animal 
to respond to various levels of feeding are factors that must be taken 
into consideration by the individual feeder. 

Although drastic changes in the quality or quantity of proteins in 
the ration may affect concentrations of protein and fat in the milk, this 
has been negligible in cases where the milk yield was not decidedly 
affected. 



THE VITAMINS IN MILK AND 
IN MILK PRODUCTION 


by C. A. Cary' 


DOES milk vary in its content of vitamins A, C, and D, and the B 
vitamins? How does feeding affect these variations? What are the 
effects of variations, in the feed or the milk, on mature animals and on 
suckling young? The author gives a critical summary of much of the 
up-to-date evidence on these questions. A good deal of technical mate¬ 
rial is included along with the general conclusions. 


VITAMIN A 

Thk yield of milk is directly affected little if at all by a deficiency of 
vitamin A or of its precursors in the diet of the cow. Normal milk 
secretion may ensue even after a deficiency of vitamin A sufficient to 
interfere with normal calving. This is true unless the health of the 
cow is otherwise definitely affected or there is some definite local 
infection. 

On the other hand, one of the most variable properties of milk is 
its vitamin A potency. Cow’s milk may be a good source of vitamin 
A; but milk has been produced experimentally so low in vitamin A 
that nursing calves have developed night blindness. The vitamin A 
potency of cow’s milk is due mainly to two substances that occur 
entirely in the milk fat- /3-carotene, a yellow pigment which is the 
main precursor of this vitamin in cattle' feeds, and colorless vitamin 
A itself, which the cow has made from this plant precursor. Of course 
when other precursors of vitamin A, such as a-carotene, occur in the 
feeds—as when carrots are fed—some of them occur in the milk fat; 
or when cod-liver oil is fed, some of the colorless vitamin A in it may 
pass unchanged into the milk fat. Generally, more than 90 percent 
of the natural color in butterfat is due to /3-carotene derived directly 
from the feed, and the remaining color to xanthophylls, vegetable 
pigments that are inactive as sources of vitamin A. 

Some species of animals convert carotene into vitamin A more 
completely than others. This alters the proportions of the vitamin 
A potency in the milk fat that are due to carotene (when not otherwise 

1 C. A. Cary is Senior Chemist, Division of Nutrition and Physiology, Bureau of Dairy Industry. 
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indicated, ^-carotene is meant) or to the colorless vitamin A derived 
from it. This is also true with different breeds of cattle. Thus on 
the same diet Jerseys and Guernseys secrete a more highly colored 
biitterfat than Holstein-Fresians, Brown Swiss, and Ayrshires; but 
this does not necessarily mean that butterfat from Jersey and Guernsey 
milk is correspondingly richer in vitamin A. In fact the data at hand 
(from experiments at Indiana, Ohio, Nebraska, Pennsylvania, and 
Wisconsin), though not in accord, tend to indicate that the total 
vitamin A potency of butterfat from the milk of different breeds of 
cows on the same diet is not decidedly different. 

The quantity of carotene in the diet of a cow is by far the most 
important factor affecting the color and the vitamin A potency of the 
butterfat in ite milk (table 1). On appropriate diets, Jersey butterfat 
that is practically colorless and Holstein butterfat with a rich deep 
color may be produced. As a result of differences in the carotene 
content of the diet some butterfats may be 15 times as highly colored 
as others, and such differences in color are a rough indication of the 
vitamin A potency of the fat. With very large quantities of carotene 
in the diet, however, the vitamin A in the butterfat appears some¬ 
times to reach a rather definite “ceiling value” (table 2). Grains are 
a poor source of vitamin A. Even yellow corn, the richest of the 
grains in precursors of this vitamin, is a poor source of them. A cow 
usually derives well over 90 percent of her vitamin A requirements 
from /3-carotenc in the roughages in her rations. 


'rABl.E ].—Relation betn een the quantity of carotene in the feet! and the amount of vitamin 

/ in the milk * 


Lot No. and ration 2 

Carotene 
in the feed 

Vitamin A in 
the milk 

Lot No. and ration 

Carotene 
in the feed 

Vitamin A in 
the milk 

Lot 1: 

Herd ration_ 

A. I. V. ration.. _ 

AJilligraina 

357 

501 

International 

units 

0.044 
11,.389 

Lot 2: 

Herd ration _ 

A. I. V. ration ... 

Alitligrams 

298 

510 

International 

units 

5,894 
10. 785 


1 Data from Potorsoii, BohsttMlt, Bird, and Bocsoii (916).** 

2 The herd ration consisted of Kniin, hay, and corn silage. In the A. 1. V. ration, A. 1. V. alfalfa silage 
replaced the corn silage and one-half of the hay. 2lots of A. 1. V. alfalfa silage were used. (For an explana¬ 
tion of A. I. V. silage, see Losses in Making Hay and Silage, p. 992.) 

« Italic numbers in parentheses refer to literature Cited, p. 1076. 


Table 2. —Relatwn hetu^n the carotene in the feed and the concentrations of carotene 

and vitamin A in the butterfat ^ 



Caro- 

Vita- 


Caro- 

Vita- 


tone 

min A 

1 

tene 

min A 


per 

per 

Group of cows and ration 

per 

per 

Group of cows and ration * 

gram 

of 

gram 

of 

gram 

of 

gram 

of 


butter- 

butter- 


butter- 

butter- 


fat 

fat 


fat 

fat 


Oammasl 

Gammas 

D4, Ration included 70 pounds 

Gammas 

Gammas 

D1 Control 

0.94 

2.86 



D2, Ration included 40 pounds 
of A. I. V. grass silage- 

.5.63 

of A. I. V. grass silage plus 4 
pounds dried grass .. 

4.28 

6.61 

2.96 


D3, Ration included 70 pounds 

3.67 

4.81 



of A. I. V. grass silage... - 





1 Data from Glllam and Heilbron (Watson et al. (/iPO)). » , • • * 

3 The A. I. V. grass silage and the dried grass added to the ration were both rich in carotene. 
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The effect of roughages in tlie diet is well shown in an experiment 
by tlie Bureau of Dairy Industry at Beltsville, Md., in which tlie 
vitamin A potency of butterfat from cows fed U. S. No. 1 alfalfa hay 
was compared with that from cows fed U. S. No. 3 timothy hay. The 
vitamin A potency of fat from the former was 4 times that of fat from 
the latter, though on an average U. S. No. 1 alfalfa hay contains about 
8 to 10 times as much carotene as does U. S. No. 3 timothy hay. 
The vitamin A potency of these butterfats was determined bio¬ 
logically.® 

Many cows in this country are fed a ration consisting of a grain 
mixture, com silage, and hay. If a good alfalfa hay is fed, the milk 
may contain 1,200 to 2,500 Sherman units of vitamin A per quart 
(average, about 2,000 units per quart); and the butterfat may vary 
from 35 to 68 (average, 50) units per gram. Very good clover hay 
may give practically the same result; but with most of the clover hays 
on the market the vitamin A content would be much less. Butterfat 
from milk from cows fed soybean hay has been reported containing 
about 35 Sherman units of vitamin A per gram. Fats from milk from 
cows fed timothy hay have been reported that contained as little as 
8 and 13 units of vitamin A per gram. A cow fed a very good grade 
of timothy hay may produce a butter containing more vitamin A than 
this, but feeding a very poor timothjr hay as the only roughage in the 
diet may result in a butterfat containing only about 1 Sherman unit 
of vitamin A per gram. Butterfat that is similarly poor in vitamin A 
may result also from the use of very poor alfalfa hay as the sole 
roughage in the diet. 

In some parts of the country all-roughage rations are fed, and 
workers {52S') at Puyallup, Wash., have determined the effect on the 
vitamin A potency of butterfat of feeding such rations. The feeding 
of home-grown, field-cured hay (grass), according to these workers, 
led to the production of butterfat containing 50 Sherman units per 
gram; whereas a hay and grass-silage ration, a grass-silage ration, or 
a ration of pasture alone led to the production of fat containing about 
86, 97, and 105 Sherman units of vitamin A per gram, respectively. 

The Texas Agricultural Experiment Station {225, S84) has pub¬ 
lished considerable data on the vitamin A potency of butterfat pro¬ 
duced on rations that are used to a considerable extent in the Cotton 
Belt. According to their data a ration consisting of cottonseed meal 
and cottonseed hulls led to the production of butterfat containing 2.5 
Sherman units of vitarnin A per ^ram. The addition of white corn 
and beet pulp did not improve this condition; and even vellow corn 
with beet pulp, or with beet pulp and wheat bran, had little effect, 
the butterfat containing only 2 to 5 units of vitamin A. Three to 
five pounds of alfalfa meal added to this latter ration led to a butterfat 
containing 7 to 11 units of vitamin A. Feeding sorghum silage along 

> It is difficult at present to compare results of the determinations of vitamin A in milk and butterfat 
made in different laboratories. Most of the determinations in this country have been made by the Sherman 
method. Results from different laboratories expressed In growth units according to this method as it has 
been used are not really accurately comparable and are not accurately convertible Into International Units, 
since a Sherman unit of growth has been reported with rats fed amounts of carotene varying from 0.34 to 1.7 
International Units. Likewise it is impossible to interpret, in any units, determinations of the vitamin A 
potency of butterfat involving the determination of the colorless vitamin A itself by spectrophotometry. 
Despite these difficulties, an attempt is made here to compare, so far as possible, the results obtained for the 
vitamin A potency of butterfat from cows fed in various ways; and only those results are used that were 
obtained by the Sherman method or are expressible in Sherman units. 
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with th© cottonseed mefll and hulls produced a butterfat containing 
about 7 units of vitamin A per gram; while this ration with pasture 
leci to a butterfat containuig 33 units per gram. The effect of pasture 
feeding upon the vitamin A potency of butterfat depends on the 
condition of the pasture. The workers at the Texas station report 
that a gram of butterfat contains on an average about 38 Sherman 
units^ of vitamin A, their cows presumably being on pasture most of 
the time. 

Apparently the grains in the ration have no effect on the vitamin A 
potency of butterfat, even the effect of yellow com being negligible, 
as is also that of cottonseed hulls or beet pidp; and the effect of hays, 
silages, and pasture depends on the amounts of carotene they supplv. 
Recently the Bureau of Dairy Industry laboratory at Beltsville has 
published data {12^4) oii the carotene content of the various grades 
of some of the market hays and of corn silage prepared under various 
conditions. These residts may be taken as an index of the effect of 
these feeds on the vitamin A potency of milk and butterfat. These 
data, along with some from the literature, are summefl up in table 3. 


Tabi.e 3. —Carotene content of various cattle feeds 


Feed 


Green growing material: 

Bluegrass. ... 

Alfalfa_ _ 

Artificially dried material: * 

Grass*-. __ 

Alfalfa-leaf meal_ 

Silages: 

Grass, A. I. V.*.. 

.\lfalfa, A. 1. V.. 

Corn_ 

Alfalfa hay: 

U. S. No. 1 in color — _ 

U. S. No. 2 in color_ 

U. S. No. 3 in color --.. 

Timothy hay: 

U. S. No. 1 in color. _ 

U. S. No. 2 in color..- 

U. S. No. 3 in color -- 
Carrots, garden, yellow- 


('arotene content 

Dry weight per 

Weight per kilogram 

kilogram 

as fed 

j Range 

Average 

1 

1 Range 

Average 

MiUigravis 

iMiltigrams 

I Milligrams 

1 Milligrams 

424-662 

567 



271-412 

332 



266-479 

359 






isi 

;i81-522 

427 



(’) 

(») 

( 3 ) 


41-56 

50 

1-40 

14 



19-121 

44 



12-19 

15 



1-11 

4 



8-36 

21 



8-11 

9 



1-11 

5 

268-1,692 

oii 

36-132 

91 


1 Not much carotene is lost in artilicial <lrying. 

* Watson et al. (f/SO). 

* Nearly the same as fresh material. 


A cow on a ration containing 10 pounds of U. S. No. 1 alfalfa hay 
and 30 pounds of corn silage may consume over 500,000 International 
Units of carotene daily, and secrete only about 30,000 International 
Units of vitamin A in her milk. In fact some results indicate an even 
poorer utilization of carotene in milk secretion. 

Colostrum may be as much as 10 times as rich in vitamin A as later 
milk from the same cow. The vitamin A value of colostrum has been 
determined by various methods. The data in table 4 are from bio¬ 
logical determinations. 
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Table 4.— 


Vitamin A potency per gram of colostrum from rou« of various breeds 
rations tcitiwut fmsture and with rye jtasture 


on 


Day of lactation 

Cow 190, Hol¬ 
stein, no pas¬ 
ture 

Cow 241, Ayr¬ 
shire, no pas¬ 
ture 

Cow 220, .Ayr¬ 
shire, rye pas¬ 
ture 

Cow 471, (luern- 
sey, rye pas¬ 
ture 

Whole 

prod¬ 

uct 

Fat 

Whole 

prod¬ 

uct 

1 

' Fat 

! 

Whole 

prod¬ 

uct 

Fat 

Whole 

prod¬ 

uct 

Fat 

First.-. 

L U. 
16.2 

I. u. 
426 

/. U. 
18.2 

/. U. 
356 

/. V. 
25.4 


/. V. 
27.6 

/. V. 
530 

Second. 

9.0 

230 

20.4 


12.3 

240 

19.3 

378 

Fourth 

2.9 

4.1 




4.4 


Sixth ... 



1.9 




Seventh . . 

2.5 


2.8 






Ninth - _ - 





2.3 


Twelfth . -. 





' i.’s 




Fourteenth.... 

' *2.0' 


■■■ 1.7 






Sixteenth . _ 





1.8 


Twenty-fifth . . 



2.1 

40 

'1.2 



Twenty-sixth 

■ 2.3 

50 


1.7 

40 







1 Data from Kramer, Blair, Kunerth. and Kiddell (W). 


It is obvious that (1) a cow is very wasteful of the sources of vita¬ 
min A in her diet, and (2) the requirements for vitamin A depend on 
the type of milk desired. The milk should certainly contain enough 
vitamin A for the normal growth of the suckling calf. Using the 
night-blindness test, Guilbert, Miller, and Hughes (447) of California 
found that the minimum carotene requirement for the bovine was 
supplied by about 25 to .30 micrograms daily of carotene, or 6 to 8 
micrograms of vitamin A itself, per kilogram of body weight. Three 
points in this excellent work are of interest here: (1) These supplies 
of vitamin A or its precursor permitted “excellent growth”; but “the 
animals used varied in age from 7 months to 4 years.” There is no 
evidence to show that such allowances of this vitamin would be ade¬ 
quate for normal growth during the early suckling period when the 
rate of growth is very much more rapid. No published data on the 
requirements of the calf during the first few months of life are now 
available, but it seems safe to predict that they will be found to be 
liigher than those of animals 7 months old and older.* (2) Two of 
the cows exhibited no sjrmptoms of vitamin A deficiency “even though 
their milk was so deficient in vitamin A that their nursing calves de¬ 
veloped definite night blindness and other deficiency symptoms” {384). 
Cows receiving the minimum requirements as indicated by the night- 
blindness test had abnormal calves; when this allowance was tripled 
or quadrupled normal calves were born. 

Meigs (775) has estimated that a cow requires a minimum of about 
60 to 80 milligrams of carotene daily in her diet to bring about normal 
calving. _ This is-close to 150 micrograms of carotene per kilogram of 
body weight. The carotene in this work of Meigs, as well as in that 
by Guilbert et al., was estimated by a modification of the Wills tatter 
and Stoll procedure (447), which has been shown to give an erroneous 
value for the carotene in feeds, as pigments other than carotene are 
not completely removed from it in estimating it by such procedures. 


< This statement is based on preiiminary unpublished results in the Bureau of Dairy Industry labora* 
tory at Beltsville, Md. 
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Allowing as well as possible for this discrepancy, this carotene require¬ 
ment for normal calving is not far from (and certainly not less than) 
90 to 100 micrograms of pure |8-carotene daily per kilogram of body 
weight. When fed to the dam, however, this does not appear to 
pemiit optimum growth in the nursing calf.® The amount of carotene 
required for good calf growth, therefore, must exceed that in milk 
produced by cows fed at the minimum level necessary for normal 
calving. A more definite statement must await further work. 

THE B VITAMINS 


Animals when lactating require larger quantities of the B vitamins 
than when not lactating. Their health, the capacity to lactate, the 
amount of milk secreted, and the composition of the milk are affected 
by the supply of these vitamip that are available for lactation. This 
has been demonstrated particularly for vitamins Bi and Ba (G).® 
Whether this increased need is simply for the vitamins to put into 
the rnilk or whether they take part particularly in some of the meta¬ 
bolic processes associated with milk secretion is unknown. 

Thiamin has been sho\yn to take part in carbohydrate metabolism, 
|)articularly in the disposition of certain intermediate products (pyru¬ 
vic acid and lactic acid) in the break-down of carbohydrates. The 
thiamin requirements of animals appear to be correlated with their 
food consumption, especially with their consumption of carbohy¬ 
drates. As the food intake is greatly increased during lactation, it 
has been suggested that a very great increase in thiamin requirements 
nup;ht be expected during this period, in addition to the amount re- 
((uired for the milk itself. This argument, however, is not convincing 
because too little is known regarding the relatioii of thiamin to the 
two main processes involved in the increased carbohydrate metabo¬ 
lism during lactation, namely, the conversion of glucose into lactose 
and the increased conversion of glucose into fat. 

The fact that the drain of lactation predisposes nursing human 
mothers to beriberi, that infantile beriberi is frequent in the young of 
human mothers on diets low in vitamin Bi, and that mother rats on 
diets low in this vitamin fail to rear their young, do not in themselves 
necessitate the assumption that vitamin Bj is required in excessive 
amounts in metabolic functions during lactation, m addition to what 
is necessary to put into the milk. 

The observation of Richter and Barelare (939) that self-fed rats 
select proportionately more yeast during lactation is exceedingly 
interesting, but it is tiot specific enough, especially regarding quanti¬ 
ties, to throw liglit on the functions that the B factors in the yeast 
may be serving; but the work of Evans and Burr (347) and others 
( 740 , 1109), showing that lactating rats require about five times the 
vitamin Bi necessary for normal growth and reproduction, has been 
interpreted to mean that the increased rejjuirements for lactation are 
considerably in excess of the amount of this vitamin put into the milk. 


5 CoNVEBSK, H T., and Meigs, E. B. carotene and vitamin a in the nutrition of dairy calves. 
[U. S.l Bur. Dairy Indus. Mimeo. No. 64.5, 4 pp. 1934. , ^ ^ ^ 

So far as practical, vitamin B as used here refers to the original undillerentiat^ vitamin B ^mplex, 
vitamin Bi to the undifferentiated heat-labile fraction of ^is complex, ^lamin to this particular com- 
I)oiind in the vitamin Bi complex, vitamin Ba or vitamin G to the undifferentiated heat-stable fmetion 
of the original vitamin B complex, and riboflavin to this piarticular cor pound in the vitamin Ba (O) 
comnlex. 


141394 °— 39 - 
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Vitamin B 2 (G) is also needed in considerable quantity {566) during 
lactation. 

Vitamin Bj deficiency leads to a reduced food consuniption, and 
Sure and Walker (1110) state that “lactating rats given diets deficient 
in vitamin B consume approximately 50 percent less food daily than 
nursing mothers receiving the same rations fortified with an abundance 
of this vitamin.” As already noted with the cow, this reduction in 
food consumption in itself would seriously limit milk production and 
probably, as with the cow, would reduce the percentage of protein in 
the milk secreted. Sure and Walker carried out an experiment to 
determine whether this reduced food consumption accounts com¬ 
pletely for the death of suckling rats that are nursed by mothers on 
diets low in vitamin Bi. The mother rats were fed in pairs and al¬ 
lowed to nurse litters initially of the same number of young. Both 
mothers of a pair were fed the same amount of food, containing in 
each case 10 percent of yeast as their source of B vitan(iins. In one 
case this yeast was heated in an autoclave to destroy vitamin B,; 
in the other it was not. Thirty-two of the forty-two young nursed 
by the mothers that were fed tne autoclaved yeast failed to survive 
the suckling period, whereas only two nursed by the mothers fed the 
unautoclaved yeast died during this period. 

It is obvious that the B vitamins are needed in lactation, that at 
least vitamin Bj is needed in relatively very large quantities in com¬ 
parison with the requirements for growth and reproduction, and that 
suckling young may suffer from severe dietary deficiencies when their 
mothers are on diets low in vitamin Bj. 

Despite these facts showiiig the importance of the B vitamins in 
lactation, Theiler, Green, and Viljoen (1915) (1132), working with 
cattle in South Africa, observed no symptoms that they recomiized 
as evidence of vitamin deficiencj^ when they fed rations very low in 
what was then known as vitamin B. They conclude: “It may be 
cattle are capable of synthesizing their own vitamin in virtue of the 
extensive flora of their intestinal tract.” About 11 years later, 
Bechdel, Eckles, and Palmer (76) also came to this conclusion. They 
showed that calves may “grow normally to maturity and produce 
normal offspring on a ration that carries an insufficient amount of the 
vitamin B complex to support growth and well being in rats.” Bechdel 
and Honeywell (78) also showed “that vitamin B in milk is not de¬ 
pendent upon the presence of this vitamin in the ration of the cow.” 
The B vitamins are synthesized by the higher plants, yeasts, and 
certain bacteria. Rats sometimes recover spontaneously from vita¬ 
min B deficiencies, presumably because of the synthesis of these 
vitamins in their intestinal tract; and Bechdel, Honeywell, Butcher, 
and Knutson (79) demonstrated that this process occurred in the 
paunch of cattle. 

The calves on the vitamin B-deficient rations used by Bechdel et 
al. grew to maturity, bore young, and started to lactate, but continu¬ 
ous lactation beyond a very few weeks was impossible. The investi¬ 
gators tried in several ways to overcome this failure in lactation and 
the failure in appetite (anorexia) that preceded or accompanied it. 
The feeding of marmite, a vitamin B preparation made from yeast, 
failed. Omy hay was successful. The active principle in the hay 
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responsible for this success has never been identified. It may have 
been some factor in the vitamin B complex that was not formed in 
adequate amounts in the patinch and did not occur inadequate amounts 
in the marmite fed to meet the augmented requirements for lactation. 
This requires investigation; and the conclusion “that the vitamin B in 
milk is not dependent upon the presence of this vitamin in the ration 
of the cow” (7S) may apply necessarily, as a result of this work of Bechdel 
et al. (79), to only one factor of the vitamin B complex. 

It is impossible at the present time to state definitely whether it is 
necessary to supply any of the B vitamins in the rations of lactating 
dairy cattle. 

The work on the B vitamins in milk done prior to about 5 years 
ago is reviewed in the Fundamentals of Dairy Science by Associates 
of L. A. Rogers {4f)- It may be summed up as follows; 

(1) Cow’s milk is not a particularly rich source of vitamin Bj rela¬ 
tive to the requirement of the human being or the rat; goat’s milk 
lias about the same potency; and human milk contains somewhat less 
vitamin Bi than either cow’s or goat’s milk. According to the data 
then at hand (1935), cow’s milk contained from 0.1 to 0.2 Sherman 
units of vitamin Bi per milliliter with an average of possibly 0.13. 

(2) The concentration of vitamin B, in cow’s milk, goat’s milk, and 
human milk is not readily increased above certain maximum limits; 
and, so far as diet is concerned, these limits are reacheil on rations 
that are ordinarily used and considered adequate. The evidence 
with cow’s milk would indicate that even with rations very low in 
vitamin Bi, the concentration of this vitamin in the milk is not mate¬ 
rially affected; but with man and with rats vitamin B, deficiency in 
the diet of the mother may seriously affect the nutrition of the young. 
Some evidence tends to indicate that this may be due to a reduced 
concentration of vitamin B, in the milk; but in other instances there 
is evidence that the volume of milk is affected, as might be expected 
from the reduceil food consumption of the mother that would accom¬ 
pany such a deficiency in her diet. The vitamin B, in cow’s milk is 
unaffected by the breed of the cow, stage of lactation, or season of the 
year. 

(3) Much more of cow’s milk (possibly two to three times as much) 
is required to supply the vitamin Bi than to supply the vitamin B,, 
(G) for equivalent rates of rat growth. The same volume of milk, 
therefore, contains two to three times as many units of vitamin Bj as 
of vitamin Bi.^ Human milk also was foiuid to contain two to three 
times as many units of vitamin B 2 as of vitamin Bi. Materials rela¬ 
tively rich in vitamin Bj supplement the B v'itamins in cow’s_ milk 
when fed to human beings or rats; but autoclaved yeast, which is 
rich in vitamin Bj (G), does not do so. The cereal foods that have 
not been deprived of their vitamin Bi by some method of processing 
are therefore good supplements for the _B vitamins in cow’s nulk so 
far as vitamin Bi is concerned, and milk supplements the viton^ 
B 2 (G) deficiency in the cereals. The concentration of vitamm B 2 
(G) in cow’s milk varied from 0.2 to 1.00 Sherman units per milliliter 
in different laboratories (average, 0.55 Sherman units). 

■ Using elth^the Sherman growth unit of 3 grams per week or the“normal” growth unit of 50 to 60 grams 
in weeks, as us^ in English laboratories. 
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(4) The concentration of vitamin Bj (G) in cow’s milk and human 
milk may be increased 50 to 75 percent by increasing the vitamin B 2 
content of the diet. 

(5) Cow’s milk is effective in the treatment of pellagra. This was 
shown by Casal about 200 years ago, by Roussel about 85 yeais ago, 
and in the work of Goldberger and collaborators in the United States 
Public Health Service in 1925 {4^3). It might be assumed, there¬ 
fore, that cow’s milk contains nicotinic aeid, and any other dietary 
factor that may be connected with this disease. 

Since this review by Associates of L. A. Rogers was written, work 
has been done on the concentrations of vitamins Bi and B# in milk, 
and there luis been considerable developuient in our knowledge of its 
content of vitamin B 2 (G). The more pertinent work that has come 
to the writer’s attention may be summed up briefly as follows: 

(1) The concentration of vitamm Bi m milk has now been estimated 
chemically by different workers. In one paper (986) the vitamin Bi 
was 0.06, O.ll, and 0.25 International Unit per milliliter respectively 
in three samples of raw milk; in another paper (56) from the same 
laboratory, a figure of 0.23 is given; while other workers (546) with a 
similar procedure found 0.20 unit. Williams and Spies (1229) have 
calculated that cow’s milk contains 0.45 milligram of vitamin Bj per 
liter of milk. If the data were compared by using the relations 
between the different Bi units given by Williams and Spies, it would 
be noted that there is a wide variation in the figures for the concen¬ 
tration of this vitamin in milk. To what e.xtent these differences 
actually exist in the milk or are due to inaccuracies in the analytical 
methods used is at present impossible to say. Elvehjem, in a recent 
review (325), states that cow’s milk contains on an average 125 
International Units of vitamin Bi per quart. 

(2) Knowledge of riboflavin in milk has progressed rapidly in the 
last 5 years. Various workers had puzzled over the greenish-yellow 
pigment in the whey of milk. According to Palmer (42) mention of 
this pigment— 

appears in the scientific literattire as early as 1784, hut the first attempt to purify 
it was made nearly 100 years later when tlie pigment isolated was given the name 
lactochrome . . . One of the outstanding characteristics of milk serum from 
cow’s milk ... is the greenish-yellow fluorescence of the pigmented solution. 

This greenish-yellow fluorescent pigment is unstable toward light in 
solutions that light can penetrate, and exists in nature sometimes free 
and sometimes combined with protein. These properties undoubtedly 
led to confusing results with early workers; but in 1933, Kuhn and his 
collaborators 051, 652) isolated this greenish-yellow fluorescing pig¬ 
ment from milk and egg white. It proved to be what is now known 
as riboflavin (that is, a yellow chemical, flavm with a ribose sugar 
group in its molecule). (See Vitamin Needs of Man, p. 221.) 

A year before this report, Warburg and Christian (1180) reported 
the discovery of a new oxidation enzyme which they isolated from 
yeast. They found that they could break this enzyme up into a 
protein, phosphoric acid, and a greenish-yellow fluorescing pigment, 
which later was also proved to be riboflavin. This enzyme, which 
occurs generally in living cells and is thought to take part in certain 
phases of the oxidative processes in them, is a combination of phos- 
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phoric acid and riboflavin with a protein. The work on riboflavin, 
the chemistry of riboflavin, and the relation of riboflavin to this 
enzyme has been recently reviewed by Booher (tSS), who herself took 
part in the work leading to the identification of riboflavin as the 
yellowish-green fluorescing pigment in the whey of milk; further 
references will be found in her review. 

A number of determinations of the concentration of riboflavin in 
milk have recently been made— some of them by chemical and physico¬ 
chemical methods. Workers at Manhattan, Kans. (1211), with the 
same samples of milk, found 2.30 milligrams of riboflavin per liter by 
the Bourquin-Sherman biological method, and 2.14 milligrams by a 
method in which they measured it by its fluorescence. Their average 
for all samples (647,1211,1212) except colostrum analyzed biologically 
was 2.15 milligrams per liter, and for samples measured by the fluores¬ 
cence method, 1.8 milligrams. These figures correspond approxi¬ 
mately to 0.72 and 0.6 Bourquin-Sherman units per milliliter. Neu- 
weiler (848), and Houston, Kon, and Henry (646) by similar fluores¬ 
cence measurements found, respectively, 1.33 milligrams and 1.0 to 1.5 
milligrams per liter, corresponding possibly to 0.44 to 0.42 Bourquin- 
Sherman units per milliliter. By the same method Houston, Kon, 
and Henry found 0.85 milligram per liter m guinea pig milk and 4.0 
milli^ams in rat milk. Kuhn ct al. (654) obtained 1.0 milligram per 
liter in cow’s milk. Sherman and Tjanford in a recent review (1063) 
give 67 ±3 Bourquin-Sherman units (with a coefficient of variation of 
28) as the average riboflavin content of per 100 grams of milk. This 
figure represents 17 available quantitative results of 10 independent 
investigations. 

According to Gyorgy (461) cow’s milk contains about three times as 
much riboflavin as human milk; while Neuweilej’s figures (848) for 
cow’s milk were three to seven times those for human milk. Possibly, 
therefore, some sam])lcs of human milk may be relatively less potetit 
in riboflavin than in vitamin Bi, when measured by the growth of rats; 
but Neuweiler’s results agreed with previous work in showing that 
the riboflavin content of human milk may be increased by administra¬ 
tion of this vitamin. 


Table 5. —Comparison of vitamin in colostrum and in Utter milk from the same cou' 


Cow No. 

Vitamin B 2 per liter of milk on 
laetution day indieated 

Total vitamin Ba in milk on— 

First day 

Fifth day 

Thirtieth 

day 

First day 

Fifth day 

Thirtieth 

day 

11^ . .. - - 

373 _ 

197_ - 

378 - _ 

Alilligrams 

4.5 

4.5 

6.7 

4.4 

1 

MiUigrams 

3.7 

3.3 

MilligTamft 

1.7 

1.7 

2.4 

2.3 

Alilligrams 

14 

12 

13 

12 

Milligrams 

79 

1 36 

Milligrams 

36 

29 
69 

30 

J Average vitamin Bi in milk of herd was 2 inilligranit 

; per liter. 





Kramer, Gardner, Kxmerth, and Riddell, at Manhattan, Kans. 
(647), compared the riboflavin content of colostrum with that of 
later milk from the same cows. These results are shown in table 5. 
Workers in this same laboratory also analyzed milk from cows of 
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different breeds (1212). They obtained the following riboflavin con¬ 
tent in milligrams per liter of milk: Ayrshires, 1.17; Holsteins, 1.40; 
Guenisejrsj 1.53; and Jerseys, 1.73. Until more is kno^\m regarding 
the con<\itions affecting the cxmcentrntion of riboflavin in milk and 
the chance variations with different groups of the same breed on the 
same diet, it cannot be concluded that there are generally real differ¬ 
ences in the riboflavin content of the milk of different breeds of cows. 

(3) In one of the most interesting experiments on the B vitamins in 
milk, Gyorgy (451), now working at the Babies’ and Children’s 
Hospital and the Department of Pediatrics at Western Reserve 
University in Cleveland, compared the riboflavin and vitamin Ba 
concentrations in human milk and cow’s milk. He used rats as the 
experimental animals. The basal diets in all cases contained crystal¬ 
line vitamin Bi. When he estimated the potency of milk as a source 
of vitamin Ba, the basal diet also contained pure riboflavin; and on the 
other hand, when he determined the riboflavin concentration in 
milk, he added a vitamin Ba concentrate to the basal ration in addition 
to the vitamin Bi. The rats were young, and their rates of growth, 
when the milk was added to supply the missing factor, was taken as a 
measure of the potency of this factor in the milk. He concluded that 
cow’s milk is about ecpially potent in riboflavin and vitamin Ba and 
that human milk has about the same potency in vitamin Ba as cow’s 
milk, but that cow’s milk is three times as potent as human milk as a 
soxirce of riboflavin. It is obvious that when the milk was added to 
the basal rations of these rats as a source of riboflavin in the one case 
and of vitamin Ba in the other, it may not only have supplied these 
particular factors but also more or less of any other growth factors in 
milk that were deficient in the basal ration. That cow’s milk when 
supplemented by iron, copper, and manganese contains still unknown 
factors essential for growth is attested by the fact that rats fed cow’s 
milk supplemented with these minerals make “average daily gains 
very similar to those made by rats on an ordinary ration” 02S). 
Whether or not these factors would be missing in the basal ration used 
by Gyoigy is a question. 

VITAMIN C 

Of the animals studied, only man and the other primates and the 
guinea pig appear to have no capacity to synthesize vitamin C (ascor¬ 
bic acid). Where, how, and from what this vitamin is made in the 
animal organism are unknown as well as the conditions that influence 
synthesis. Thurston, Palmer, and Eckles (1137) first studied the role 
of vitamin C in the nutrition of cuttle. Their conclusions were as 
follows: 

1. Vitamin C can be demonstrated in the livers of calves fed for 1 year on a 
ration capable of producing scurvy in guinea pigs within 30 days. 

2. Heifers fed from birth on a scorbutic diet secrete appreciable quantities of 
vitamin C in their milk 

3. The absence of vitamin C from the diet apparently does not interfere with 
reproduction in cattle. 

4. Vitamin C is probably synthesized within the boby of the bovine. Evidence 
is supplied to indicate that the digestive tract is not concerned in this synthesis. 

5. The results of these and our previous experiments indicate conclusively that 
the bovine does not require vitamin C (in the ration] in quantities that can be 
detected by tests with guinea pigs. 
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These conclusions regarding the necessity of supplying vitamin C' 
in. cattle rations have been generally accepted. The following quota¬ 
tion from an article by Sharp (1032) at Cornell University may add to 
the understanding of this situation: 

Plant tissiics whioli contain ascorl>ic acid apparently also contain an ascorl)ic 
acid oxidizing enzyme which is lil)erated when the cells'arc crushed. The enzyme 
in some plants is very active. For example, the large amount of ascorbic acicl 
present in cabbage is completely oxidized [and therefore destroyed] in 5 minutes 
after the previously frozen raw cabbage cells are disintegrated. While tlie feed is 
niasticated and stored in the rumen by the cow, all the ascorbic acid it contains 
is probai>ly oxidized. Therefore the cow and animals with similar digestive 
systems, and possibly birds, must either synthesize ascoriuc acid or reverse the 
oxidation. 

Tf the oxidation of the vitamin C goes too far the process is irreversible 
and the vitamin is completely lost. To what extent vitamin C is 
ultimately lost in the rumen of the cow is unknown. 

Despite the above facts, it is still a. disputed (lucstion as to whether 
the quantity of vitamin C in the <liet of o cow may affect the concen¬ 
tration in her milk. I'o interpret results in connection with this 
problem, it is necessary to consider some of the properties of vitamin 
(' itself when dissolved in milk. Although milk freshly drawn from 
the cow may contain 20 to 25 milligrams of vitamin C per liter, 457 
samples of pasteurized commercial bottled milk 3 days old, obtained 
from various distributors in different cities, was found to contain 
only 2.2 milligrams per liter, and 63 samples of raw milk contained 
only 7.9 millgrams per liter (1032). Vitamin C in milk is therefore 
unstable. Some of the conditions that affect the rate of its destruction 
are indicated by Sharp {1032): 

Variations in the rate of oxidation of ascorbic acid in milk can be explained 
best by assuiuitig the presence of an ascorbic acid oxidase [tlte enzyme already 
mentioned], the action of which is markedly accelerated by traces of dissolved 
copper. 

Sharp reports the vitamin C content of milk that when fresh con¬ 
tained 20.1 milligrams of vitamin C per liter as 11.3 milligrams per 
liter after storage for 3 days at 35.6° F.; the vitamin C content of 
milk pasteurized at 143° to 145° F. for 30 minutes and then stored 
was 11.0 milligrams; but when thus pasteurized with a little copper 
added and then stored, the vitamin C content was only 1.7 milligrams 
per liter. According to Sharp the enzyme taking part in the destruc¬ 
tion of vitamin C is destroyed by heating milk for half a minute or 
longer at 170° F., and copper does not affect the destruction of 
vitamin C so readily without this enzyme. Thus, when some more 
of the same milk used above was pasteurized by heating 10 minutes 
at 170° and stored as above, its vitamin C content was 15.7 milligrams 
per liter when no copper was added, and 12.4 milligrams per liter 

when copper was added. . . .n • 

Another factor that greatly affects the destruction of vitamin G in 
milk is exposure to light. Kon and Watson {6^3) report that as much 
as 50 percent of the vitamin C in milk may undergo oxidation when 
exposed for one-half hour in sunlight and then kept for 1 hour in 
darkness 

Some of the products of the oxidation of vitamin C may be changed 
back to vitamm C in the animal body and be used as such. One of 
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these oxidation products is called oxidized ascorbic acid, or dehydro- 
ascorbic acid—that is, ascorbic acid that has lost two of the hydrogen 
atoms in its molecule. Other oxidation products of vitamin C have 
no physiological value; and none of the products of oxidation, whether 
they are physiologically active as vitamin C or not, react vdth soine 
of the reagents used in the chemical determination of this vitamin in 
milk. 

It is obvious that detenninations of the vitamin C content of milk 
that do not take these properties into account are now of little value, 
and that conclusions based upon them are not valid. 

Kon and Watson using methods that reduced' these sources 

of error to a minimum, very carefully estimated the quantity of un¬ 
oxidized vitamin C in freshly drawn cow’s milk as compared with the 
total vitamin C, including the reversibly oxidized vitamin. The un¬ 
oxidized vitamin C was about 21.7 and the total 22.1 milli^ams per 
liter, indicating that practically no reversibly oxidized vitamin C 
occurs normally in freshly drawn cow’s milk. The cow secretes only 
unoxidized vitamin C. Knight, Dutcher, and Guerrant {638) at 
Pennsylvania State College have recently obtained the same result as 
Kon and Watson, the figure being 22.9 milligrams per liter for both 
the unoxidized vitamin C and the total including reversibly oxidized 
vitamin C. All of the vitamin C in freshly drawn milk, therefore, 
is in the ordinary unoxidized or reduced form, and reacts to reagents 
used for its estimation. When workers report 8 milligrams of unoxi¬ 
dized vitamin C per liter in milk and 16.9 milligrams for the total in¬ 
cluding the reversibly oxidized material, as some workers have done, 
it means that they arc not measuring the vitamin C content of normal 
fresh milk as secreted by the cow. It also means that the figure for 
the ordinarv vitamin C alone in such milk is not a measure of its physi¬ 
ological value because the reversibly oxidized material may also bo 
used as vitamin C. 

Kon and Watson (6/fi) have also analyzed milk produced at differ¬ 
ent times of the year (between January and July) and on diflerent 
diets. They followed a uniform procedure throughout, obtahuTig 
the milk after it had passed over a cooler shortly after the morning 
milking. The average figures for the ordinary reduced vitamin and 
the total reduced and reversibly oxidized material, respectively, for 
stall-fed cows were 20.6 and 23.5 milligrams per liter, and for milk 
from cows on pasture they were 20.6 and 23.5 milligrams per liter. 
The results indicate definitely that there is no difference in the vitamin 
C content of these milks as the result of a change of season or a change 
of ration. Riddell, Whitnah, Hughes, and Leinhardt (964) at Man¬ 
hattan, Kans., have obtained similar results insofar as the effect of 
diet on the vitamin C content of milk is concerned. For 74 samples 
of milk from cows on a dry ration and silage they found 25.8 milli¬ 
grams of vitamin C per liter; for 57 samples from cows on pasture, 
26.5 milligrams per liter; and for 66 samples, when the cows were on a 
dr^ ration and received no silage, the vitamin C content was 26.8 
milligrams per liter. These results were obtained by chemical 
methods of assay. In other reports from this same laboratory (1313, 
1214), they found 25.9 milligrams of vitamin C per liter for the aver¬ 
age of 502 samples of milk from 55 cows; and, as an average for the 
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liord fl/t Manhattfin from October to April, they give 2»5.5 milligrums 
^ Holmes, Tripp, Woelffer, and Satterfield 

(530) have recently reported results for 661 samples of certified milk 
from 55 Guernsey and Jersey cows. The a verages for the vitamin C, 
separated according to breed, was 20.5 and 18.2 milligrams per liter, 
respectively. Other results, similar to those quoted here, occur in 
the literature. 

^ On the other hand, some workem report very different figures for the 
v’itaniin C content of niilk, and examination of some individual results 
shows a wide variation between separate determinations. Rasmus¬ 
sen, Guerrant, Shaw, Welch, and Bechdel (947), for instance, report 
the average vitamin C content for each of several breeds of cattle as 
varying from 10 to 14.8 milligrams per liter. Kon and Watson, in 
referring to this work, appear inclined, however, to attribute the results 
to faulty technique, and the Pennsylvania workers have since pub¬ 
lished an iinproved procedure for sampling milk for these analyses. 
Differences in the vitamin C' content of milk have also been attributed 
to changes in the season of the year, but the results ha ve been con¬ 
flicting. Some differences have been noted between breeds, but if 
they actually occur, they are negligible. Neuweiler (847) has pre¬ 
sented data showing that the vitamin C. content is low in milk from 
pregnant animals. The vitamin C content of colostrum has been re¬ 
ported as possibly somewhat higher than that (d later milk from the 
same cows. 

Neuweiler gives the vitamin C content of human milk as from 40 to 
70 milligrams per liter, atid the figures of most workers would come 
within this range. Human milk, therefore, is ordinarily decidedly 
richer in this vitamin than cow’s milk. Neuweiler also demonstrated 
that the amount of vitamin (■ in human milk may be definitely in¬ 
creased by administration of vei'y large doses of vitainni C to the 
mother. 

Rasmussen, Bogart, and Maynard (940), have recently published 
the results of work at (.’orncll University. The details are iK)t avail¬ 
able. The results indicate that the vitamin C coTitent of the milk 
of a ewe may vary from 25 to 40 milligrams per liter and be increased 
50 percent by subcutaneous injection of 5 grams of vitamin C into 
the animal. In the case of one cow, they obtained a similar increase 
in the vitamin C content of the milk by injecthig 24 grams of vitamin 
C, and a significant increase in the milk of another as a residt of the 
injection of only 12 grams. Mare’s milk varied from 27 to 115 milli¬ 
grams per liter, and appeared to be affec.ted by the amount of vitamin 
C in the feed; but the authors prefer to leave final conclusions as to 
the relation between the vitamin C in the diet and the milk in the 
case of the mare to further results with biological methods. Guinea 
pig milk apparently contains about 290 milligrams of vitamin C per 
liter. On dry feed with a limited amount of green material, it was 
about 110 mdligrams per liter, but with more green feed it was 397 
milligrams per liter; and with green feed aiul subcutaneous injection 
of additional vitamin C, about 710 milligrams per liter is reported. 
These workers also demonstrated that they could affect the tendency 
to scurvy in young guinea pigs by altering the vitamin 0 content of 
the diet' of the mother, showing biologically, as well as cliemically, 



682 


YEARBOOK OF AGRICULTURE, 1939 


that the vitamin C in the milk of this animal is affected by the amount 
of vitamin C in its diet. 

In this work, except when otherwise indicated, chemical methods 
were used for the assay of the vitamin C. Despite the preponderance 
of evidence with these methods indicating that the vitamin C content of 
cow’s milk is independent of the diet of the cow, the fact must be 
recognized that many of the earlier workers in this field, using bio¬ 
logical methods of assay, obtained exactly th(5 opposite result. Some¬ 
times milk from cows on pasture was found to contain two to three 
times as much vit am i n C as that from cows receiving only dry feeds, 
and milk from cows receiving silage was reported to be li^h in this 
vitamin. These results have not been comparable among themselves. 
Sometimes where they have appeared conflicting, the experimental 
conditions have been quite different; and most of the work was carried 
out before the precautions that are now known to be necessary were 
recognized. Nevertheless, they indicate that there may possibly 
be dietary conditions which sometimes affect the coheentration of 
vitamin C in cow’s milk. More work, however, is certainly necessary 
to demonstrate clearly whether or not this may be true. 

In closing this discussion of vitamin C in milk it may be said that 
(1) fresh cow’s milk contains on an average about 26 milligrams of 
vitamin C per quart; (2) frequently the vitamin C content of milk as 
delivered to the consumer is very much less than this; (3) loss as a 
result of pasteurization depends on whether or not practical precau¬ 
tions are taken. 

VITAMIN D 

Numerous factors, both dictaiy and physiological, affect the utihza- 
tion of calcium and phosphorus in the animal organism. Among these 
is vitamin D, the antirachitic or rickets-preventing vitamin. Several 
laboratories have studied the vitamin D requirements of growing 
cattle. Symptoms of vitanun D deficiency can readily be produced 
experimentally in these animals when they are reared in the dark on 
rations especially deficient in this factor that is, under conditions 
that need not and seldom do prevail in pra(;tice. The requirements 
have generally been measured and expressed in terms of the number 
of units of vitamin D in the feed that are necessary to prevent or cure 
these symptoms; but they could as well be determined and expressetl 
in terms of the anioimt of exposure to light of measui’ed intensity and 
quality that would have the same effect. Little is known regarding 
the effect of the calcium and phosphorus content of the ration upon 
tliis requirement for vitamin D in cattle; but, whatever it may be, 
their vitamin D requirement is readily met by ordinary rations or by 
a Uttle exposure to direct or indirect sunlight. (See the article 
Practical Feeding and Nutritional Requirements of Young Dairy 
Stock, p. 636.) 

Although there are other feed and physiological factors that com¬ 
plicate viewpoints on the relation of vitamin D to' the metaboUsm of 
calcium and phosphorus with milking dairy cattle, it is probable that 
these animals, like the growing calf, actually require vitamin D; but 
that these requirements, both for the metabolism of the animal her¬ 
self and for the vitamin D to put into her milk, are readily met either 
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by the ration or by exposure to lifrht in any ordinaiy management 
practice. It is true tliat at least some mammals tend to lose calcium 
aiul phosphorus from their bodies curly in luetation and that in tlie 
cow, ac^irding to results obtained by various workers, these losses 
are unaffected by the administration of additional vitamin 1) either 
in the feed or by greater exposure to light. It is also true that the 
rate of loss of these elements early in lactation ajipeai-s to be less on 
rations of hays that have been so cured as to retain much of their 
green color than on sun-bleached hays, which arc actually richer in 
vitamin D; and further, the amount of vitamin 1) that a cow gets does 
not affect the concentrations of calcium and phosphorus in the milk. 
Nevertheless, Wallis {1179) rejiorts symptoms of vitamin 1) deliciency 
in milkmg cows when kept under quite extraordinary conditions, as 
in the work with young dairy stock; and he reports the relief of these 
symptoms by administration of vitamin D. Finally, that a milking 
cow can utilize vitamiti 1) in her feed, or can make vitamin 1) as a 
result of exposure to light and use what she has made, is evident 
from the fac-t that either an increase of the vitamin in the feed or an 
exposure of the cow to light may iiuu’ease the concentration of vitamin 
L) in the milk. 

A number of workers have showti that the vitamin 1) content of 
cow’s milk is greater in summer than in winter. This is demonstrate<l 
particularly impressively by the restdts of Bechtel and lloppert at 
the Michigan Agricultui-al Experiment Stathm {81). For 2 yeai-s 
they made.monthly determinations of the vdtamin 1) content of milk 
fat from the higher-producing cows in the Holstein and ffersey herds 
at that station. They also followed for a year the vitamin D content 
of the milk fat with the 5 highest-producing llolsteins in this herd; 
and in addition they obtained samples of the Michigan State College 
creamery butter monthly for a. year and analyzed them. This 
creamer>^ butter was produced by approximately 15 herds consisting 
of grade Holstein cows, ’riie c.oticlnsions of these workei’s are as 
follows: 

(1) The monthly assay of milk fats from several sources over a period of 2 
years shows that milk may vary as much as 900 percent in antirachitic potency. 
Highest values were obtained during July, August and September and lowest 
usually in February. Vitamin D values varying from 4.tS to 43.8 H. S. P. [United 
States Pharmacopeia] units per quart of milk w^ere obsc^rved in tin* case of Guern¬ 
sey milk, whereas the extreme values for Holstein milk were 3.1 to 27.7 U. S. P. 
units per quart. 

(2) The close correlation between the antirachitic [xitency of milk and the 
amount of available sunshine indicates that the exposure of cows to sunlight is 
the major factor contributing to the vitamin D content of milk. 

Fresh green pasture grass contains little or no vitaniin 1). lilvulence 
that exposure to sunlight is the major factor l)riTiging about the 
difference between the vitaniin D content of summer and winter milk 
has been presented in a paper by Campion, Heniy, Kon, and Mack¬ 
intosh {189). This evidence is summed uf) in table 6. 

These results on the influence of sunlight on the vitamin D content 
of milk do not mean that it may not be influenced by the use of feeds 
rich in vitamin D such as irradiated yeast and cod-liver oil, but they 
indicate that the latter method of increasing the vitamin D content of 
milk is very wasteful and generally impractical. A discussion of the 
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vitamin D value of milk and the factors affecting it may be found in a 
bulletin by Olson and Wallis (873). 


Tabt.e 6 .—Effects of diet and of exposure of animal to light on vitamin D secretion in milk 


Treatiiu*nl of cows 

\'itamin D of— 

Total vita-, 
min D 

Milk 

Butter 

secreted 

daily 

Kept indoors on winter rations . . . _ 

Kept outdoors on winter rations , ... _ ... .. 

Kept outdoors on pasture. . . _ ... 

Kept indoors and fed freshly eut ])asture grass 

Tnternathiial 
Units per 
kilogram 

8.3 
26. 0 
17.0 

5.3 

International 
Units per 
gram 

0.27 

.88 

.46 

.15 

International 

Units 

HO 

313 

252 

52 





GLANDS, HORMONES, AND OLOOD CONSTITUENTS 
-THEIR RELATION TO MILK SECRETION 


WHAT part do the endocrine glands pla)^ in the secretion of milk? 
Do the proteins, the fatty acids, and lIm; sugar in milk come directly from 
corresponding materials in the blood stream of the lactaling animal? 
These questions touch some of the dee[)est mysl<“ries of milk |)roduclion. 
The authors delve into them boldly, attem[>ting to draw a clear line 
between known facts and speculation. 


ENDOCRINE FACTORS 

by M. H. Friedman' 

In the past few youi-s the advances in the field of endocrinology have 
come so rapidly as to make rlizzy oven tlie professional endocrinolo¬ 
gists, lot alone the interested lay person who tries to glean some in¬ 
formation about the endocrine glands from the maze of startling an¬ 
nouncements coming from the laboratories. Unfortunately, these 
startling announcements are not always limited to the observed facts. 
They are all too frequently the interpr-etations reached from a flying 
start on a few pieces of e.xperimental evidence and a recklessly long 
jump into the thin air of pure speculation. There should bo no objec¬ 
tion to speculation. But the reader should be warned where knowledge 
ends and armchair science begins. An effort will be made in the present 
discussion to distinguish clearly between fact and fancy. 

If the facts show anything at all they show quite clearly that froni 
the standpoint of the endocrine control of milk secretion the cow is 
very much akin to all other animals. This is fortunate, for the cow is 
a very expensive experimental animal and yields results slowly. 
Most of the advances in the field of endocrinology have been made by 
experiments on small laboratory animals that yield results rapidly at 
low cost. Up to the present time every finding derived from these 
small animals has been verified by direct experiment on the cow when¬ 
ever such an experiment has been possible. To date, there has been 
uncovered no significant difference between those life processes gov- 

I M. H. Friedman is Senior Physiologist, Division of Nutrition and Physioiogy, Bureau of Dairy Industry. 
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orning milk production in the cow and in the smaller ammals. Al¬ 
though some minor differences between species may be encountered, 
there is every reason to expect, from our knowledge of other life proc¬ 
esses, that the similarities will far outweigh the minor differences. 
The dairy farmer may expect to learn much from the physician, the 
doctor may expect to learn much from the farm, and both may con¬ 
fidently expect to learn very much from the laboratory worker experi¬ 
menting on anything from goats to pigeons. 

DEVELOPMENT OF THE MAMMARY GLAND 

Although some milk may be produced by an mcompletely developed 
mammary gland (udder), such as is found in virgin animals or even 
in males, normal milk production requires such development of the 
gland as is found only in pregnant females. 

Certainly the ovariaii hormones must play an important role, but 
the ovaries of a pregnant animal are not known to secrete anything 
in addition to the two types of secretion elaborated during every heat 
cycle—estrin, a hormone found chiefly in the fluid of the follicles, and 
the corpus luteum hormone, found in the yellow body (corpus luteum). 
By the injection of estrin into spayed females, or into males, it is 
possible to bring about considerable mammary gland development; 
there is experimental evidence for this from all common laboratory 
animals and from the goat. This decree of development is sufficient 
for the production of some milk under the proper stimulus, but tbe 
condition of the gland is in no way comparable to that in the normally 
lactating animal. Regardless of the amount and duration of estrin 
injection, it has not been possible to produce thereby a fully developed 
gland in any species except the guinea pig. 

This limited action of estrin is not surprising when it is recalled that 
the corpus luteum (yellow body) is an important factor during 
pregnancy. Indeed the injection into spayed animals of a proper 
combination of estrin and corpus luteum extract has enabled many 
workers to produce mammary glands that are more ixearly comparable 
to those seen during the last part of pregnancy. This degree of success 
has led some workers to believe that the development of the mammary 
gland during pregnancy can be explained entirely on the basis of the 
influence of the two ovarian hormones. 

The fact remains that the glandular development produced by the 
combined injection of estrin and corpus luteum extract is not an 
exact duplicate of the fully developed mammary gland. This is pos¬ 
sibly merely a reflection of an improper balance between the amounts 
of the two hormonal preparations as injected in the experiments up to 
the present time. It is possible, however, that during pregnancy some 
additional factor is operating. The first suspicion would be that the 
contents of the pregnant uterus contribute something. Yet in a few 
species of animals, such as the dog and ferret, complete development of 
the mammary gland occurs when the uterus is empty, that is, during 
the period following heat that is called pseudopregnancy (false 
pregnancy). This condition in the dog and feiTet is characterized by 
the presence in the ovaries of large yellow bodies for a period of time 
equal to the length of pre^ancy. In the cow the life of the yellow 
body is less than the duration of one heat cvcle. Unfortunately, the 
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cow does not experience the phenomenon of false pregnancy but if 
the bitch can develop her mammary gland without the help of her sons 
and daughters to be, there is probably no justification for crediting the 
cow with less ability in tliis direction. 

It may _be significant that either estrin or corpus lutcum alone, or 
a^ combination of the two preparations, is unable to produce sig¬ 
nificant development of the mammary gland in animals from which the 
pituitary gland has been removed. Moreover, the injection of appro¬ 
priate pituitary extracts into castrated animals leads to some increase 
in the size of the mammary gland. There is no reason to dispute these 
experimental observations, but it is well to pause before accepting 
all of the conclusions drawn from them. It has been concluded, for 
example, that the action of estrin and corpus luteum extract is not 
directly on the mammary gland, but only indirectly, through the 
pituitary, which releases the direct stimurating agent. At the mo¬ 
ment, it is not easy to say how much the pituitary gland contributes 
directly to the growth of the mammary gland in the normal pregnant 
animal. Without attempting to assess the role of the pituitary in 
this matter, it is not necessarily true that estrin and corpus luteum 
extract work only through the pituitary. It is possible that the fail¬ 
ure of ovarian extracts to work in the absence of the pituitary is due 
to some of the very widespread effects of removal of the pituitary 
(hypophysectomy) which have no direct connection with the funda¬ 
mental processes underlying mamrnary-gland development. In order 
to separate fact from fancy, it is necessary to tabulate what appear 
to be demonstrable facts, which may be listed as follows: 

1. The ovaries arc essential for the fidl tlevclopment of the mam¬ 
mary gland. 

2. In spayed animals appropriate injections of estrin stimulate 
some glandular development, especially of the ducts, but do not lead 
to the type of g:landular development seen during the latter part of 
pregnancy. Evidence for this has been obtainecl from most species 
of laboratory animals atul from the goat. 

3. Injections of proper combinations of estrin and corpus luteum 
extract into spayed animals induce a development beyond that obtain¬ 
able with estrin alone (except in the guinea pig). This degree of 
development does not quite match that seen during late pregnancy. 

4. The injection of estrin or corpus luteum extract, singly or m 
any combination, is not efi'ectiye in animals with the pituitary removed 
according to evidence from mice, rats, and guinea pigs. 

5. In the complete absence of the ovaries it is possible to produce 
some increase in size of the mammary gland by the injection of 
pituitary extracts. 

FACTORS GOVERNING THE ONSET AND MAINTENANCE OF LACTATION 

(MILK SECRETION) 

In contrast to the mechanisms involved in the development of the 
udder, the processes involved in lactation do not require the presence 
of the ovaries. In some species, such as the human being and the 
guinea pig, the ovaries may be removed during the latter part of 
pregnancy without interfering with either pregnancy or the onset of 
normal lactation. In any species, including the domestic animals. 
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the ovaries may be removed during lactation without jeopardizing 
milk secretion. The essential stimulus for milk production comes 
from the anterior lobe of the pituitary. Removal of tMs gland, 
cither late in pregnancy or during the early part of lactation, com¬ 
pletely suppresses milk secretion, according to experimental evidence 
from all common laboratory animals and the goat. Conversely^, the 
injection of appropriate pituitary extracts leads to the secretion of 
milk in males and virgin females, and to an increased milk secretion 
in lactating females that have passed the period of maximum pro- 
«1 action. There is evidence for this from all laboratory animals and 
from the goat, the virgin heifer, and the dairy cow in the declining 
phase of lactation. This lactation experimentally induced by pitui¬ 
tary extracts is not prevented by prior removal of the ovaries. 

This stimulation of milk production by the injection of pituitary 
extracts may be of immense practical value in the future. For the 
present, however, the extracts available are not really suitable for 
use on the farm or in the clinic. These extraids lose their effective¬ 
ness when used repeatedly in the same animal. Still worse, the first 
or second hijection of some of them may make the animal seriously 
ill. When tliese undesirable qualities have been eliminated it will be 
l)ossible to use such extracts more extensively for valuable farm ani¬ 
mals (and possibly for human beings). It should then be possible to 
evaluate their practical importance. 

In the cow, lactation is not completely inhibited by pregnancy, 
but even in tliis species the female does not ordinarily come into 
milk until the pregnancy is terminated, either naturally or by abor¬ 
tion. Similarly in other species milk secretion sets in only alter the 
uterus has been emptied. If for any reason the uterus is not emptied 
completely, as where parts of the young or of the membranes are 
retained, milk secretion is partly or wholly inhibited, according to 
evidence from rabbits and human beings. These relationships have 
been illustrated nicely by some experiments on rats. If the young 
are surgically removed from the uterus of a rat in the last part of 
pregnancy and the membranes are also removed, milk secretion sets 
in within 48 hours, which is far ahead of the normal schedule. If 
only the young are removed and the membranes are left behind, 
lactation does not occair. Or if the young and the membranes are 
completely removed and paraffin wax is inserted to take the place of 
the normal contents of the uterus, milk secretion does not occur. 
Even in a lactating animal it has been possible to suppress milk 
secretion by the insertion of wax into the uterus. Apparently aiw 
distention of the uterus has an inhibiting effect on milk secretion, tt 
is possible that the effects of pregnancy on milk production in the 
cow are noticed chiefly after the fifth month because there is relatively 
little uterine distention before this time, the most significant increase 
in the uterine content of the cow occurring after the fifth month. 

Another factor capable of inhibiting milk secretion is estrin. It has 
been demonstrated experimentally on all animals, including the goat 
and cow, that estrin injections during lactation decrease or com¬ 
pletely suppress milk secretion. It is interesting to note at this point 
that a sharp decrease of estrin in the body may initiate milk secretion. 
For example, if a male guinea pig is injected with proper doses of 
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estrin for a period of some 20 days (during the course of which the 
mammary glands develop), milk secretion does not set in during the 
injections but only after the injections are stopped. Similar results 
have been obtained by grafting ovaries into male guinea pigs. Mdk 
secretion does not appear so long as the graft is in place. When the 
transplanted ovary is removed, milk appears. 

It has been suggested by some workers that those effects are due to 
the release of the appropriate pituitary hormone in response to a 
sudden lowering of the body content of estrin. Interpreted in this 
manner, the inhibitory effects of estrin injection would be due to a 
restraint upon the pituitaiy gland which decreases the delivery into 
the blood of the hormone or hormones responsible for lactation. 
Such an explanation would appear to be a reasonable one and fits 
rather well with the observed facts. When, however, such interpre¬ 
tation is stressed to explain the effects of pregnancy on lactation 
and the ordinary delay of the onset of milk secretion until after 
parturition, it is well to be somewhat cautious. 

It is true that the estrin content of the blood, urine, and body fluids 
is higher during pregnancy than at other times. It is also true that 
the estrin content decreases sharply after the young are born. It is 
not necessarily true that estrin is a major factor in depressing milk 
secretion during pregnancy. It so happens that during pregnancy 
tlie estrin found in the blood and body fluids is in a chemical combina¬ 
tion that shows very little potency when tested on castrated rats— 
that is, the combination is relatively inactive. Moreover, the preg¬ 
nant animal shows none of the effects that might be expected from 
the presence of large amounts of astrin; that is, the animal is not in 
heat, and the uterus and other sex organs show little or no response to 
the large amounts of estrin present. Although there are several 
possible ex])lanations for this situation, the important thing is that 
there appears to be a lot of estrin on hand with nothing to do, or at 
least very little. If estrin is a major factor in regulating the appear¬ 
ance and disappearance of lactation, there would have to be some 
mechanism that would permit estrin to inhibit the pituitary at a 
time when it is unable to do much with other organs. 

The influence of estrin on milk secretion when the estrin is able to 
do something may be seen in the lactating cow. There is definite 
evidence that the milk yield is decreased with each heat period. It is 
possibly significant that the reappearance of heat in the lactating 
cow occurs after the animal has passed the time of maximum pro¬ 
duction. It is also worthy of note that in most animals heat cycles 
do not occur during the early part of lactation and that in the absence 
of heat cycles the sex organs faithfully register the absence of the 
effects of estrin. In general, therefore, the influence of estrin is not 
exerted during the period of maximum lactation in any species. This 
influence is reasserted only after the peak of lactation has been passed. 
This association may be more than a coincidence and may ultimately 
furnish some partial explanation for the declining phase of milk 
secretion. That it will give a complete explanation is very unlikely 
in view of the relatively small and perhaps indefinite effects of castra¬ 
tion during lactation. Up to the present time no one has been able 
to prevent the decline of lactation by castration. 

141394 '- 39 - 46 



690 


YEARBOOK OF AGRICULTURE, 1939 


The nervous system seems to be of prime importjince in lactation. 
In most animals the mammary gland adjusts itself to the needs of the 
gj'owing young. With the vigorous suckling of the newborn, milk 
secretion increases at a pace to satisfy the demands of rapid 
growth. As the young approach the weaninp; age and stray far 
enough from the teat to make their own experiments on digestion 
with the mother’s food, with sawdust, or with anything else that 
happens to be handy—they drink less milk. And with this decrease 
in the pull on the breast, milk secretion in the mothei’ begins to decline. 
In the rat, the period of lactation can be prolonged to two or three 
times its normal duration by supplying successive litters of newborn 
animals to substitute for those approaching weaning age. It has 
even been possible to initiate lactation in virgin female rats by the 
application of newborn young to their breasts. These interesting 
demonstrations in the rat are matched by equally interesting ones in 
the larger domestic animals. Lactation has been induced in virgin 
heifers, in nonpregnant dry cows, in male goats, and even in bulls by 
persistent stimulation of the teats. This stimulation has been 
effective whether arising from the suckling of young animals or manual 
manipulation. 

The stimulus is apparently carried by the nervous system to the 
pituitary gland, so that the latter is entirely responsible for this 
unorthodox lactation just as it is for the more usual kind. If the 
pituitary is removed from the rat, no amount of nipple manipulation 
can produce milk secretion. On the other hand, even with the pitui¬ 
tary intact, nipple stimulation is not effective unless the nerves to the 
nipples are intact. This nervous mechanism originating in the sen¬ 
sory nerves of the nipples must be an important one among the fac¬ 
tors responsible for the rise and fall of milk production. 

In some species, however, there appears to be an additional factor— 
distention of the mammary gland itself. In the rat, it is reported 
that milk secretion is not seriously impaired by the accumulation of 
milk in the glands. If, for example, all of the milk ducts on one side 
of the body are tied with a thread (ligated) so that milk cannot be 
delivered from these glands, milk secretion continues not only in the 
glands delivering milk but also in those with ligated ducts. In the 

f juinea pig, a similar procedure causes a drying up of the glands with 
igated ducts, though milk secretion continues in the glands on the 
other side of the body. Likewise in the sow, dog, and goat distention 
of the gland of an unsuckled teat leads to the diying up of that gland 
while the other glands of the same animal may be in full milk. In the 
dairy cow, milk production declines some time after the second month 
even though the stimulus to the nipples is kept constant by regular 
milking so that milk is not allowed to accumulate in the gland. On 
the basis of present knowledge of the endocrinos and the related proc¬ 
esses involving the nervous system, there is no plausible explanation 
for this. 

An inventory may again be made of the knowm facts regarding the 
secretion of milk as opposed to the conclusions, or guesses, based on 
these facts: 

1. The ovaries are not necessary for milk secretion though they are 
necessary for the full development of the mammary gland. 
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2. The important and fundamental stimulus for Tinillr secretion 
comes from the pituitary gland. In the absence of this gland milk 
secretion does not take place unless injections of pituitary extract are 
substituted for the ^land. 

3. When the pituitary gland is intact, it is possible to bring about 
some milk secretion by stimulation of the nipples. Stimulation of the 
nipples in the absence of the pituitary is without effect. 

4. Lactation may be suppressed completely or decreased in amount 
by distention of the uterus. The effects are similar whether the dis¬ 
tention is that normally occurring durmg pregnancy or is due to reten¬ 
tion of membranes in the uterus after delivery or abortion or to experi¬ 
mental insertion of foreign material (wax). 

• 5. It is possible to inliibit milk secretion by the administration of 
large amounts of estrin. 

6. The occurrence of heat during lactation is accompanied by a 
slight but definite decrease in milk yield. Moreover, the period of 
recurrent heat cycles coincides in time with the period of declining 
milk production. 

7. Removal of the ovaries during lactation does not make it possible 
to prevent the eventual decline in milk yield. 

MILK-STIMULATING EXTRACTS FROM THE PITUITARY AND THEIR RELATION 
TO OTHER BODY PROCESSES 

Because anterior pituitary extracts are capable of producing many 
effects in the animal organism—eff ects upon growth, sex, and metabo¬ 
lism— several investigators have attempted chemical separation of 
pituitary extracts into fractions each of which would do only one 
thing. A fraction has been isolated that is particularly effective in 
stimulating milk secretion. Injected into the normal animal it 
stimulates the production of milk and has little or no stimulating 
effect on the sex glands. That, however, is not its only effect. It is 
reported to stimulate body growth in mice and metabolism in pigeons, 
although it has little ability to stimulate other endocrine organs such 
as the thyroid and adrenals. This somewhat purified extract, there¬ 
fore, has only a few of the properties that characterize the crude ex¬ 
tracts of the pituitary gland. Yet it is unable to cause milk secretion 
in animals with the pituitary removed (hypophysectomized). This 
does not necessarily argue that the purified extract (prolactm or 
galactin) is not a true representative of the pituitary secretion respon¬ 
sible for milk production in the normal animal. 

The effects of pituitary removal are serious and widespread. Prob¬ 
ably no bodily process is normal after such an operation. It is not 
like removing a leg, an arm, or an eye, when the rest of the body is 
not very much affected and everything else goes on as before. In 
the hypophysectomized animal, nothing goes on as before. The total 
metabohsm as measured in calories per day is reduced to about 50 
percent of the normal level, so that the aninral cannot keep up a 
normal body temperature except in heated rooms. The food and 
water intake decrease to about half the usual amount. The blood 
system is badly deranged, so that the transfer of water and salts from 
the blood to the tissues or through the kidneys is seriously handi- 
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capped. Of particular importance is the fact that in these experi¬ 
mental animals nitrogen is wasted to such an extent that protein 
foodstuff has much less value than in the normal animal. Finally, 
removing the pituitary leads to pronounced atrophy or wasting away 
of every endocrine gland in the body. In brief, when the pituitary 
is removed there is not much left. It is therefore no reflection upon 
purified prolactin that it is unable to produce-milk in the hypophysec- 
tomized animal. 

Nevertheless, the failure of purified prolactin in the hypophysec- 
tomized animal must be explained. The ovary has already been 
eliminated as an important factor in milk secretion, so that ovarian 
atrophy cannot be blamed for the failure. Nor can great importance 
be attached to the wasting of the thyroid, although thyroid medica¬ 
tion is able to stimulate milk production in the declining phase of 
lactation. Irrespective of the interest of this observation, it must 
be remembered that complete removal of the thyroid does not 
prevent milk secretion, in fact, docs not even depress it very 
much. Complete removal of the adrenal glands, however, greatly 
depresses milk secretion or abolishes it completely. It might be 
suspected, therefore, that the failure of purified prolactin in the 
hypophysectomized animal is due to the wasting of the adrenal 
tissue. Such a suspicion is well supported by some recent experi¬ 
ments on the guinea pig. After removal of the pituitary, purified pro¬ 
lactin is able to induce milk secretion in this animal if adrenal extracts 
are injected simultaneously. Adrenal extracts alone are not able to 
induce milk secretion, even in the normal animal, but they do enable 
the prolactin to work in the animal without its pituitary. Thyroid 
extracts cannot be substituted for adrenal material in this experi¬ 
ment, as might be expected. 

The question now arises, Are the adrenals directly iiivolved in the 
process of lactation? This may be a matter of (lefinition. Perhaps 
it depends upon where the line is drawn. Although the experiment 
has not yet been reported, it is probably safe to predict that purified 
prolactin would not be very effective in animals from which the heart 
and both lungs had been removed. There is no doubt that the heart 
and lungs are indispensable for milk secretion. But there is some 
doubt that they shoidd be considered of any importance to milk 
secretion outside of their importance for the maintenance of the gen¬ 
eral health and well-being of the animal. In a like manner the adre¬ 
nals are important. After removal of the adrenal glands the disturb¬ 
ances in the circulation and in the transfer of water and salts to and 
from the blood are so great that the animal cannot survive unless 
prompt and vigorous treatment is given. The life of such an animal can 
be saved either by the administration of adrenal extracts or by abundant 
doses of common table salt. A high intake of common salt enables 
the animal to compensate for its handicap to a considerable degree. 
It is worthy of emphasis that the simultaneous injection of common 
salt enables prolactin to induce milk secretion in hypophysectomized 
pimals. In other words, purified prolactin plus common table salt 
is just about as effective a combination as prolactin plus adrenal 
extract. Consequently there is every reason to question the alleged 
importance of the adrenal glands for the process of milk secretion 



HORMONES AND MILK SECRETION 


693 


If it w now admitted (purely for the sake of discussion) that purified 
prolactin is a chemical compound that is fully capable of providing 
the essential stimulus for milk secretion, there still may be some doubt 
that it is poured out of the pituitary gland as an individual, distinct 
hormone during lactation. It is quite possible that instead of secret¬ 
ing a compound that acts exclusively on the process of milk secretion, 
the pituitary actually secretes a hormonal complex, containing the 
equivalent of prolactin, which is able to do several things at the same 
time. 

Such a pattern of glandular activity is suggesteil by several ex¬ 
amples of interrelated processes. For instance, during pregnancy 
there is not only an alteration in the ovaries attributable to a change 
in' the secretion of the pituitary hormone that stimulates the ovaries 
(gonad-stimulating), but there are also other alterations that might 
reasonably be charged to the pituitary gland. Thus growth in the 
rat is accelerated during pregnancy atul lactation, so that bred females 
grow faster than virgins. Since some acceleration of growtli occurs 
during pseudopregnancy, the contents of the pregnant uterus cannot be 
given credit for this effect. Part of this increase in growth rate is 
undoubtedly due to the increased food intake, which appears as early 
as 48 hours after coitus. It will be recalled that growth is just as 
intimately related to the pituitary as is lactation or reproduction, and 
that no growth is possible in the absence of the pituitary. This cor¬ 
relation of changes in the reproductive tract with changes in the 
growth rate suggests a coiTelated alteration in the secretion of the 
gonad-stimulating and the growth-stimulating hormones. Another 
example of this same type is seen in pregnaiit women, who frequently 
show a characteristic coarsening of the facial features typical of the 
action of the growth hormone acting on the adult individual. 

If such diverse processes as growth and reproduction are really 
correlated by an integration of pituitary secretions, a much closer 
correlation might reasonably be expected between bodily processes 
that are more intimately bound together—specifically, general body 
metabolism, growth, and lactation. At the present time no statement 
can be made as to whether or not such a correlation in pituitary 
secretions is anything more than an idea. But it would be folly to 
dismiss the idea without careful examination. 

THE POSSIBLE RELATION BETWEEN DIET AND PITUITARY FUNCTION 

Even when the pituitary gland is intact, deficiencies in the diet 
produce severe changes in growth, reproduction, and lactation. In 
part, these changes may be due to the decreased supply of raw ma¬ 
terials out of which new tissue or milk is made. However, the pitu¬ 
itary secretions are themselves proteins, and it is altogether possible 
that adequate dietary protein is essential for the formation of the 
pituitary hormones. Such a situation might explain the dramatic 
effects on growth, reproduction, and lactation of increasing or decreas¬ 
ing the dietary protein. 

In the last few years, several investigators have extracted from plant 
sources active products that stimulate the ovaries of animals into 
which they are injected in a manner much like that of the pituitary 
gonad-stimulating hormone. The active extracts Lave been prepared 
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from the green leaves of young alfalfa, oat grass, and soybean plants, 
and from brewers’ grains. It is still too early to say whether such 
discoveries will prove to be of significance from the standpoint of 
nutrition. They may, however, eventually provide an explanation 
for the often observed stimulating effect of young pasture grass on 
milk production. They may also lead the way to a new point of view 
in regard to the wisdom and efficacy of our present methods of curing 
and storing pasture grasses. In any event, without hoping too much 
for the future, it is to our interest to watch critically the development 
of such experimentation. 

REFERENCES TO LITERATURE 

For those interested in further reading on the topics that have been 
covered in this article, the following references, which will bo found in 
Literature Cited (p. 1075), are recommended: General discussion of 
the endocrine glands in lactation (3S4, 4^3, 844,1072, lOTS'^y, effect of 
estrus on milk yield {224, 710 ); effect of cstrin on milk yield {367, 379 ); 
influence of the nervous system on lactation {1026 ); effects of pituitary 
extracts on milk secretion, growth, ami metabolism {66, 366, 368, 746, 
965, 966, 1207); material concerning the induction of lactation by 
means of pituitary extracts in animals from which the pituitary glands 
have been removed, and the relation of the adrenals to lactation {846). 

BLOOD CONSTITUENTS 

by C. A. Cary 3 

Milk has some characteristic constituents that are synthesized in 
the mammary gland itself. Among these arc its principal protein, 
casein; the milk sugar, lactose; and the characteristic volatile or easily 
evaporated fatty acids of milk fat. This section deals with the 
materials in the blood used by the gland in making these constituents. 
The experimental work leading up to the present knowledge of this 
subject has been done with goats and cows, but essentially the same 
results would bo obtained with other mammals. 

WHERE DOES MILK SUGAR COME FROM? 

The sugar in blood is glucose. To convert this to the milk sugar, 
lactose, would require a complex and far-reaching rearrangement of 
the atoms in half of the molecules used in the process. Is glucose 
thus used by the mammary gland to make lactose? Kaufmann and 
Magne in 1906 {609) first umlertook to solve this problem. They 
determined the amount of sugar in samples of blood taken simulta¬ 
neously from the jugular vein and mammary veins of milking cows. 
They assumed that the samples from the jugular vein represented the 
composition of blood going to the mammary gland, and those from 
the mammary veins represented the composition of blood coming 
from the mammary gland. They found less glucose in the blood 
coming from the gland, which would indicate that some was used in 
the gland. 

»Also Turner, C. W. the physiology and biochemistry op milk secretion. Mo. Col. Agr. Pub. 
(unnumbered), 252 pp., illus. 1933. [Mimeographed.] 

I C. A. Cary is Senior Chemist, Division of Nutrition and Physiology, Bureau of Dairy Industry. 
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Since that time workers at the Hannah Research Institute in 
Dairying in Scotland have shown {125) that blood from the jugular 
vein in the neck of the cow cannot be taken to represent the compo¬ 
sition of the arterial blood going to the mammary gland. They {126) 
and a number of other workers since, have repeated Kaufmann artd 
Magne’s experiment, using arterial blood instead of jugular vein 
blood. The findings leave no doubt that glucose is taken out of the 
blood by the mammary gland. In addition, it has been shown that 
cultures of mammary gland tissue readily make lactose if supplied 
with glucose. 

Recently Graham and coworkers {Ji29), working formerly at Read¬ 
ing, England, and later at the Univei-sity of Missouri, liave developed 
a technicpie whereby they can measure quite accurately the rate of 
blood flow through the mainmaiy gland of the goat. At the same 
time they are able to analyze samples of tJ)e blood going to and coming 
from this gland and to determine the amount of milk secreted by it. 
Using this unique procedure, these workers have reported that not 
enough glucose is taken out of the blood to make all of the lactose 
secreted in the milk. They conclude that both glucose and lactic 
acid, which may be derived from glucose, are taken out of the blood 
by the mammary gland and used to make milk sugar. 

The secretion of lactose can be altered by altering the level of 
glucose in the blood. This has been done experimentally by depress¬ 
ing the level of glucose in the blood drastically by the administration 
of such agents as insulin or phloridzin. But when an attempt is made 
to alter the level of glucose in the blood by greatly reducing the 
amount of carbohydrate in the ration, the concentration of lactose 
in the milk is unchanged. The most pronounced changes, as a result 
of an abrupt and decided cut in the carbohydrate in the diet of a 
milking cow, are (1) a considerable drop in the amino acids in the 
blood, (2) a drop in milk yield, and (3) a drop in the concentration of 
protein in the milk but not in the concentration of lactose. The 
demand for material to supply energy to the organism apparently 
leads to the destruction of amino acids essential for the secretion of 
milk and for the synthesis of milk protein when too little energy is 
given in the ration. 

WHERE DOES MILK PROTEIN COME FROM? 

There are several proteins in milk. One, lactoglobulin, is jn’esent 
in cows’ milk generally in very small amounts. It is considei-ed 
identical with a globulin in blood serum (serum globulin) and is 
believed to be derived from that source. Lactalbumin, another milk 
protein, constitutes about 18 percent of the protein in cows’ milk. 
It resembles, but is not identical with, the albumin in blood serum 
and is therefore considered to be synthesized by the mammary gland. 
Casein, the principal protein in milk, is also considered to be syn¬ 
thesized by the mammary gland. 

In digestion, protems are broken down into simple nitrogenous 
compounds known as amino acids. These are present in the blood 
along with polypeptides, wliich are simple combinations of amino 
acids. 'The amino acids and polypeptides are the building stones 
used by the body to build its own proteins. 
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Some years ago an experiment like that of Kaufmann and Magne’s, 
described above, was tried in the laboratory of the Bureau of Dairy 
industry {196) at Beltsville, Md., to determine whether the amino 
acids in cows’ blood are used by the mammary gland in the synthesis 
of milk protems. This work was also repeated by workers {123) at 
the Hannah Research Institute in Dairying in Scotland, and by 
others. There is no doubt that the mammary gland takes amino 
acids and simple polypeptides out of the blood, and most workers 
have been convinced, therefore, that these are the raw material used 
for the synthesis of milk proteins. Recently Graham and his co¬ 
workers Usi) have also applied their particular technique to this 
problem. They report that the amount of amii\o acids and simple 
polypeptides taken out of the blood by the mammary gland of the 
goat does not account for the amount of protein in the milk secreted; 
that material of this sort is destroyed in the mammary gland; that 
some urea—a product of this destruction—is returned to the blood 
leaving the gland; and finally that serum globulin is taken out of the 
blood and used by the mammary gland along with some of the amino 
acids and simple polypeptides in the synthesis of milk proteins. 

Undoubtedly amino acids and polypeptides are used in this syn¬ 
thesis. The evidence regarding the role of serum globulin in this 
connection will undoubtedly require further study. It, too, is made 
ultimately from amino acids, and it does, of course, get into the 
colostrum in large amounts. 

It has already been noted that considerable reductions in the 
amount of carbohydrate in the diet may reduce the total amount of 
amino acids in the blood. This in fact is the most effective way to 
produce this change in the blood, and, as has been pointed out, it is 
accompanied by a reduction in milk yield and in the concentration of 
protein in the milk. Abrupt changes in either the kind or quantity 
of protein in the diet may also lead to immediate changes in milk 
yield and to corresponding changers in the concentrations of both the 
protein and the fat in the milk. J^metimes, when the dietary protein, 
the milk yield, and the concentratiotjs of protein and fat in the milk 
are thus reduced, the total amourjt of amino acids in the blood may 
not be demonstrably altered; but certain essential amino acids in the 
blood may vary under these conditions quite independently of the total. 

Not always are changes in dietary protein directly reflected in the 
yield and composition of the milk even at levels of feeding inadequate 
for continued production. A cow’s capacity to store protein or to 
supply protein from bodily reserves may act to maintain the yield 
and composition of the milk and thus obscure, for long periods of 
time, inadeq^uacies in the diet. 

It is possible that the total effect of a change of dietary protein 
should not be considered as brought about entirely by a change in the 
supply of raw material for the synthesis of milk protein. Such changes 
in the diet and blood may alter the formation or function of hormones, 
enzymes, or other factors, which also directly or indirectly affect the 
secretion of milk. 

A change in the quality or quantity of protein in the diet may, as 
noted, not only affect the secretion of milk protein, but alter the secre¬ 
tion of milk as a whole—that is, of all of the constituents of milk. 
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How such a complex change in milk secretion may follow so relatively 
simple a change in ration is definitely unknown, although hypotheses 
to account for such correlations in elaboration of tlie constituents of 
various glandular secretions have often been suggested. 

WHERE DOES MILK FAT COME FROM? 

It is true that the composition of milk fat may be altered by altering 
the kind of fat fed, indicating that fatty acids may pass unchanged in 
character from the feed into the milk. With the exception of the 
volatile fatty acids, all the fatty acids in milk fat, so far as is known, 
could be derived directly from the feed and from the blood. 

Fatty acids occur in the blood in several combinations—as ordinary 
fats (glycerides), as compounds containing phosphorus (phos|)hatids), 
and as estei^ or compound ethers of cholesterol, a fatty alcohol found 
in atiimal tissues. As a result of work done in the Bureau of Dairy 
Industry (777) at Beltsville, it was thought that the fatty acids in 
milk fat were derived from the phosphatids in the blood; but the 
workers in the llaiinah Research Institute in Dairying {124) in 
Scotland later investigated this (piestion with improved methods and 
were unable to confirm this view. More re(*ently Lintzel {689), 
Graham and collaborators {430), Maynard and collaborators {771), 
and Shaw and Peterson {1083) liave shown that the fatty acids used 
in milk secretion are not derived from either phosphatids or choles¬ 
terol esters, ajid therefore piesumably come from the ordinaiy fats 
(glycerides) in the blood. Tliis, of course, does not account for the 
volatile fatty acids that are made in the gland itself, and no satisfac¬ 
tory work throws any light upon their origin. 

Graham {429) in Ids work has also observed that the increase in 
the volume of carbon dioxide in the blood leaving the mammary 
gland is greater than the volume of the oxygen taken out of the blood 
by the gland. wSuch a condition with an animal has generally been 
interpreted to mean that carbohydrate is being converted into fat 
because this process would lead to the evolution of carbon dioxide 
without a corresponding utilization of oxygen. Whether fat is thus 
being formed in the mammary gland in addition to being taken from 
the blood is not definitely known. A considerable portion of inilk 
fat is undoubtedly made from carbohydrate, this transformation 
probably occurring largely elsewhere in the body. 

Maynard (770), at Cornell University, has made an extensive study 
of the relation between the concentration of fat in milk and the con¬ 
centration of lipid (total fatty materials) in blood. There was no 
correlation, although when the fat content of the diet is below a 
certain level, milk yield is depressed; but Maynard does present an 
interesting set of curves (770) showing a decline in the concentration 
of fatty materials in the blood parallel with the decline in milk yield 
that occurs with the advance in lactation. The significance of this 
observation is not clear. 

As already pointed out, when the amount of protein in the diet 
is drastically changed and the milk yield is thereby altered, the 
concentration of fat and protein in the milk is also altered. In an 
experiment in the Bureau of Dairy Industry the fat dropped from 
an average of 4.8 percent in one lactation to 3.3 percent m another 



698 


YEARBOOK OF AGRICULTURE, 1939 


as a result of inadequate protein feeding. When a decided reduction 
in milk yield is effected, however, by a change iii the total energy 
(carbohydrate) content of the diet, the concentration of fat shows a 
tendency to increase with a drop in milk yield, and vice versa. In 
general the average concentration of protein in milk bears a fairly 
constant relation to that of the fat; and both may be maintained at 
what may be considered a normal level in milk for long periods even 
on diets that may finally prove inadequate in protein to maintain 
production. 

For references to the original literature on the blood precursors of 
milk constituents, the reader is referred to bibliographies in papers 
by Graham and others {4^0, 431) and the bulletin by Mayiiard and 
others (771); and for the literature on the relation between diet, 
composition of the blood, and secretion of milk, to the article by 
Maynard and others (770) and the paper by Cary and Meigs (197). 



MILK IN NUTRITIONAL RESEARCH— 
A SKETCH OF PROGRESS 


by C. A. Cary ■ 


I H i 5 article ostensibly deals with milk, Iml atttiially it lias a much 
wider interest. Without attempting any formal history, the author gives 
some revealing glimpses of the way modern knowledge of nutrition has 
developed in laboratories all over the world. It is background material 
for those interested in either animal or human iiulrition. 


Knowledge of the coiiipositioii of milk, particularly of the vitamins 
aiul some of the less plentiful minerals found in it, has resulted largely 
from a study of its nutritional value. The story is a long one and 
this article is intende-d merely to suggest how some of this knowledge 
has been gained. 

DISCOVERING THE EXISTENCE OF UNKNOWN FACTORS IN MILK 

About 1873, one of the important problems in Voit’s laboratory in 
Germany was to determine whether or not a constant supply of mineral 
salts, like those in milk, is necessary in considerable quantity for the 
nutrition of adult animals; and Fomter, in that laboratory, concluded 
that the full-grown animal does require considerable quantities of 
these inorganic salts. The eating of food from which they were 
removed appeared even more rapidly fatal than the deprivation of 
all food, according to Forster. 

Bunge {171),^ also in Germany, did not consider that the experi¬ 
mental work back of this conclusion was convincing. “In fact,” ho 
says, “it is a priori difficult to see what the constant addition of salts 
is required for.” 

However amusing this view may now seem, it was serious then; and, 
after showing that the salt content of the milk of a given species of 
animals is particularly adapted to nourish the growing young of that 
species, Lunin, in Bunge’s laboratory, tried two crucial experiments on 
adult mice. In one he fed a mixture of cane sugar, milk protein, and 
fat. The ration was incomplete; the animals lived only 11 to 21 


I 0. A. Cary is Senior Chemist, Division of Nutrition and Physiology, Bun«u of Dairy Industry. 
* Italic numbers in parentheses refer to Literature Cited, p. 1075. aoo 
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days. In the second experiment Limin fed a mixture of lactose, milk 
protein, milk fat, and the salts of milk. This ration was also incom¬ 
plete; and Bxinge in his Physiologic and Pathologic Chemistry, as 
translated (171), gives the results of this often-cited experiment in 
the following words: “It is a noteworthy fact that, although animals 
can live on milk alone, yet if all of the constituents of milk which 
according to the present teachings of physiolocv are necessary for the 
maintenance of the organism be mixed together, the animals rapi^y 
die.” Bunge then puts this question, “Does milk contain, in addition 
to protein, fat, and carbohydrates, other organic substances which are 

also indispensable to the 



TIME (DAYS) 


maintenance of life?” 

The necessity of these 
salts in adult nutrition wjis 
finally definitely deter¬ 
mined, but Bunge’s text 
with this question in it was 
still in use in English and 
German universities when, 
about 25 years later (1906), 
Hopkins, who worked in the 
laboratory at the University 
of Cambridge, England, 
similarly announced: “But, 
further no animal can live 
upon a mixture of pure pro¬ 
teins, fats, and carbohy¬ 
drates, and even when the 
necessary inorganic material 
is carefully supplied, the 
animal still cannot live.” 
With this pronouncement 
Hopkins presented the 
curves in figure 1 {588), 
which show the growth of 
rats on the mixture of the 


Figure 1 .—Growth of rat» on an arliiicial diet 
containing the known constituents of milk, with 
and without the addition of natural milk. The 
lower curve shows the average weight at different 
ages of six rats on the artificial diet alone; the up¬ 
per curve, that of six similar animals receiving in 
addition 2 cubic centimeters of milk each per (lay. 


then known nutrients in 
milk, and upon these nu¬ 
trients plus a little whole 
milk. In this work Hop¬ 
kins showed emphatically 
the existence of unknown es- 
soTitials in normal nutrition. 


As the list of known nutrients in milk has increased from time to tjime, 
this same comparison, using all the known constituents in one case and 
milk itself in the other, has been rejjeated—and probably will be 
repeated—time and again; and each time it has demonstrated that 


there were still unknown factors affecting the growth, health, or 
reproduction of the experimental animals. This is particularly true 
of the vitamins. Hopkins recently (1937) said (587): 


1 am myself sometimes spoken of as the discoverer of the vitamins, but that is 
a title that I cannot justly claim . . . Perhaps I was the first to emphasize 
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their physiological and universal importance in nutrition as distinct from certain 
of their more special pathological relations. 

DEFICIENCY DISEASES POINT THE WAY TO FINDING THE VITAMINS 

This quotation from Hopkins lea<ls to another, slightly older channel 
of information that has already contributed much during this century 
to the knowledge of nutrition and of the composition and nutritive 
value of milk—the study of what are now known as nutritional- 
deficiency diseases. Probably not long after man became sufficiently 
civilized to have these diseases he began tampering with his diet to 
ciu-e them; but progress was slow. Funk {402) said some years ago 
regarding the contribution of the study of deficiency diseases to knowl¬ 
edge of nutrition: 

In spite of the great powers of observation possessed l)y such investigators as 
Bunge and Hopkins, the conception of the vitamin tlieory could never liav(! 
attained its present importance if a powerful impulse had not been received from 
clinical sources. 

VITAMIN Bi 

The record indicates that beriberi, the diseas(‘ caused by a deficiency 
of the recently (1936) synthesized vitamin B, in the diet, was recog¬ 
nized by the Chinese as early as 2697 B. C. {1229). Apparently it was 
unknown to physicians of the western world until A. D. 1645; and 
little was done to determine its cause until in 1885 the Japanese felt 
the urge to preserve the health of their developing navy. Then 
Takaki, as has frequently been noted, altered the diet of the Japanese 
sailors in several ways, mainly by substituting barley for polished 
rice—previously the chief article of their food—and the occurrence of 
beriberi, which had been officially reported as annually affecting 25 
to 40 percent of the entire naval force, became negligible. 

Progress after this was very rapid, and its rapidity and thoroughness 
attest the relative effectiveness of modern research methods. The 
dietary deficiency causing beriberi was further confirmed. All sorts of 
foods were tested out for their antiberiberi or antineuritic properties— 
the main symptoms of beriberi being a nerve disease, polyneuritis. 
Rough methods were devised for measuring the potency of these pre¬ 
ventive foods with rats, with pigeons, and with other birds that arc 
readily susceptible to polyneuritis. 

It was found that the foods that contained the beriberi-preventive 
vitamin also invariably promoted the growth of rats when added to 
such artificial mixtures of known dietary essentials as those used by 
Lunin (171) and Hopkins {538). The same was true of all water ex¬ 
tracts of these foods, and maii]?^ workera assumed, without very good 
evidence, that the antiberiberi vitamin and this growth-promoting 
material found with it were one and the same substance. As a result, 
the effect of foods on the growth of rats was used as a measure of their 
content of the beriberi-preventive vitamin. 

In 1926, Jansen and Donath {581, 582, 583) isolated the active 
antiberiberi principle itself in crystalline form; and in 1936, some 4,600 
years after the first description of beriberi in known literature, this 
curative principle was prepared synthetically by Williams and Kline 
in this country. This antiberiberi or antineuritic vitamin is now 
known as vitamin B or vitamin Bj. It is also called by the chemical 
name of thiamin. 
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VITAMINS A. D, AND C 

The history of other dietary diseases is much the same. It is said 
{SOS) that Hippocrates recognized hemeralopia and described a cure 
for it that contained vitamin A; yet the fact that the vitamin A potency 
of plant foods is due to the pigment carotene was not clearly demon¬ 
strated until 1928-29 by Von Euler and collaborators {S38), and by 
Moore {807,808,809,810 ); and the two outstanding events in the work 
reported on this vitamin in 1937 were its synthesis in Kuhn’s labora¬ 
tory in Heidelberg, Germany, and its isolation in crystalline form from 
a natural source by Holmes and Corbet at Oberlin College in Ohio. 

With the D vitamins, which are involved in the jirevention and 
cure of rickets, and with vitamin C (ascorbic acid), which prevents or 
cures scurvy, the situation is much the same as with vitamin Bi and 
vitamin A. 

THE SEARCH FOR THE PELLAGRA-PREVENTIVE FACTOR 

The studies of human pellagra are of particular interest in illustrat¬ 
ing how knowledge of the composition of milk and other foods has 
developed. The assumption that the antiberiberi and the rat growth- 
promoting properties of foods were due to one and the same substance 
was a bad mistake. Such leaders in the field as Eijkman and collab¬ 
orators {SIj^) and Jansen {680) declared against this assumption at 
the time; but it was not until 1926 that the fallacy was clearly demon¬ 
strated. It had been shown that the antiberiberi vitamin is destroyed 
by heating with steam in a closed vessel (autoclave) at 15 pounds 
pressure for 6 hours; and Smith and Hendrick {1082) in the United 
States Public Health Service then showed that yeast, autoclaved in 
this way, still had pronoxmeed growth-promoting properties when fed 
to rats. There was thus shown to be, besides the antiberiberi vitamin, 
which itself does promote growth, another growth factor that was 
more stable to heat. This heat-stable fraction also prevented black- 
tongue in dogs, which is analogous to human pellagra. 

This discovery added zest to the efforts to isolate the heat-stable 
growth-promoting factor. Milk and eg^ contain it and are pellagra 

{ ireventives. In 1933 Kuhn and his collaborators at Heidelberg iso- 
ated from this heat-stable fraction in milk and egg white what is 
now known as vitamin B 2 or riboflavin. Its chemical structure was 
later determined, and it was prepared synthetically. 

But with certain basal diets pure riboflavin did not have the growth- 
promoting properties of the entire heat-stable fraction from yeast and 
did not prevent pellagra; and when riboflavin was used in place of 
this fraction in the ^et, the rats developed a characteristic skin disease 
or dermatitis. Evidently another factor in this yeast fraction was 
involved. The material a deficiency of which produces the charac¬ 
teristic dermatitis in rats was isolated in crystalline form in this 
country by Keresztesy and Stevens of Merck & Co. in February 1938; 
in Heiaelbeig, Germany, by Kuhn and Wendt in April 1938; and at the 
University of California by Lepkovsky in February 1938. Its chemi¬ 
cal structure has recently (February 1939) been determined by Kuhn 
and Wendt in Germany; and, on March 5, 1939, workers in the lab¬ 
oratory of Merck & Co. in this county announced its chemical 
synthesis {488). It has been called vitamin B#, adermin, and factor 1 
by various workers. 
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But vitamin B# was still not the pella^a-preventive factor in yeast, 
eggs, milk, and other foods. A pecuhar situation was discovered. 
In his book on the vitamins ( 402 ), Funk, who gave us in quite elabor- 
rate form the vitamin theo^ of disease and the original class name 
for the vitamins, had described his efforts to isolate the antiberiberi 
vitamin from rice bran and jreast. He had isolated, among other 
things, nicotinic acid. According to Funk, this acid was first found 
in nature by Suzuki and associates in 1912, the year before Ids own 
isolation of it. When he tested it for antiberiberi properties, nicotinic 
acid was ineffective. 

Nicotinic acid was therefore*known to occur in yeast, and it was 
heat-stable like the pellagra-preventive factor. In 1937 Elvehjem, 
Madden, Strong, and Woolley (S27) at the University of Wisconsin 
gave it to dogs suffering with blacktongue. They say, “A single dose 
of * * * nicotinic acid gave a phenomenal response. * * * 

The appetite improved immediately,” and upon “further additions 
of the nicotinic acid growth continued uninterruptedly.” Fduts, 
Helmer, Lepkovsky, and Jukes (380), in California in November 1937, 
report trying nicotiidc acid on four persons suffering from pellagra. 
The effect was remarkable: “All patients showed distinct improve¬ 
ment in general condition and mental attitude within 48 hours of 
onset of therapy,” and other symptoms of the disease were definitely 
ameliorated. Nicotinic acid, according to Williams and Spies {1239), 
is “at least to an astounding degree, curative for human pellagra”; 
but it is “perhaps not the sole pellagra vitamin.” 

VITAMINS THAT HAVE BEEN DEFINITELY DETERMINED 
AND SYNTHESIZED 

Thus from the original vitamin B complex there have now been 
prepared in pure crystalline form the following vitamins of which the 
chemical structure is known and the chemical synthesis of which has 
been accomplished: From the heat-labile (unstable) fraction— 
vitamin B (or vitamin Bi or thiamin); from the heat-stable fraction— 
nicotinic acid, vitamin B 2 (or riboflavin), and vitamin B# (or adermin 
or factor 1). 

In addition to these vitamins, which have been isolated in pure 
chemical form from what was originally known as vitamin B, the 
following vitamins have also been isolated in pure form and their 
chemical nature has been definitely determined: Vitamin A and at 
least four plant carotinoids that arc precursors of vitamin A (there 
may be more than one vitamin A, but only one has been definitely 
identified); vitamin C (ascorbic acid or cevitamic acid); vitamin D, 
the antirachitic vitamin (at least two D vitamins have been isolated 
and identified chemically); and vitamin E. 

The number of these definitely known vitamins has been constantly 
■ and rapidly increasing, and undoubtedly othem occur in milk. 

NUTRITIONAL DEFICIENCIES IN MILK AS A SOURCE 
OF KNOWLEDGE 

Information about milk has also resulted from studying its nutri¬ 
tional deficiencies. Between 40 and 50 years ago Bunge (1891) and 
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Ilausermann (1897) in Bunge’s laboratory published data on various 
plant and animal materials that showed that cow’s milk, human milk, 
and dog’s milk are all very poor sources of iron. The mineral content 
of the newborn puppy was compared with that of dog’s milk. “With 
the exception of the iron, the relative proportion of the remaining 
constituents in the ash is almost identical” in the milk and the new¬ 
born, Bunge said {171)] but the iron in the milk “is six times less than 
that in the ash of the suckling animal.” * However, the iron in young 
dogs, cats, and rabbits was highest at birth: “At least five times more 
iron is found in the liver of the new-born than in that of full grown 
animals. ” Bunge added: 

The amount [of iron] which must l)e convoyed to the infant organism can 
reach it in two ways: through the placenta and through the mammary glands. 
* * * But if it reaches the fetus through the placenta, its safety is assured. 

Nature evidently offsets the iron deficiency in the milk by depositing 
stores of iron in the fetus. With newborn animals that, like the 
guinea pig, “begin by eating vegetable food from the first day, and 
select by preference the leaves that are very rich in iron,” this storage 
of iron is negligible and milk itself plays a subordinate part in supply¬ 
ing the iron requirements; but with other animals, like the rabbit, the 
newborn may contain three or four times as much iron per 100 grams 
of body weight as the adult animals. 

How long will these stores of iron last the growing animal? Bunge 
concluded that “nature herself has made an experimentum crucis” 
(171), and that the amount of iron in the body of the newborn is 
adapted to its dietary instincts, or its dietarj" instincts are adapted to 
the amount of iron, so that by the time the bodily store is exhausted, 
the animal is eating food richer than milk in its content of iron. 
He wrote: 

The animals at this time already appear to be anemic, [and] if the attempt were 
made to feed the young animals exclusively with milk alter tlie period of suckling 
had elapsed, they would certainly become anemic. 

Hausermann tried to supplement milk in various ways to overcome 
this nutritional anemia in older animals (see Bunge (171)). The 
question of utilizing inorganic iron salts to overcome it was not defi¬ 
nitely settled, however, until Hart, Steenbock, Waddell, and Elveh- 
jem (493), at the University of Wisconsin, showed in 1928 that copper 
as well as iron is necessary to prevent this nutritional anemia. 

Milk is also deficient in copper; and there is evidence, as with iron, 
that the newborn is prepared to meet this deficiency in its mother’s 
milk, and that many foods may readily be selected to meet the later 
needs of the animal for copper. 

Copper has a widespread occurrence as an impurity in the salts of 
many metals, and shortly after the discovery of this function of copper 
by Hart et al., many of these salts were tested for their effect on 
nutritional anemia and foimd to be effective in curing it; but according 
to Elvehjem (323) all of these statements indicating the effective¬ 
ness of salts other than copper and iron in nutritional anemia “have 
been retracted or refuted in more recent papers.” Rats have been 
kept on a ration of milk, iron, and copper for 667 days without develop¬ 
ing nutritional anemia. 
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Although, in this work, manganese was found to have nothing to do 
with the development of nutritional anemia, it was found to affect 
growth. Workers at the University of Wisconsin, using mice and 
rats, “demonstrated that the addition of traces of manganese to a 
diet of whole cow’s milk supplemented with iron and copper has a 
favorable effect on growth,” and that “rats on cow’s milk mineralized 
mth iron, copper, and manganese made average daily gains very 
similar to those inade by rats on an ordinary ration.” The manganese 
content of milk is very low and is not affected by the diet of the lactat- 
ing animal; but the requirements of young animals must also be very 
low as the manganese requirement of the young growing pig is satis¬ 
fied by a concentration of 1 part of manganese in 180,000 of its ration. 
The relationship of manganese to reproduction is discussed elsewhere 
in this Yearbook (p. 488). Sherman (1048) says; 

It is still an open question * * * whether one is likely ever to meet a case 

of manganese deficiency exce])t wlien deliberately induced by artificial procedures. 

ARE THERE MORE VITAMINS? 

Thus studies of the nutritional deficiencies of simplified diets, of the 
use of milk in deficiency diseases, and of the nutritional deficiencies in 
milk itself have added much to practical knowledge of the nutritional 
value of milk. But it is obvious that this knowledge is very rapidly 
changing and still incomplete, and that it must constantly be reap¬ 
praised in the light of more recent developments. 

In January 1939, Oleson, Bird, Elvehjem, and Hart (87^) at the 
University of Wisconsin reported as follows, in ver\’’ much the same 
vein as Lunin in 1881 and Hopkins in 1906: 

When rats are placed on purified diets low in the vitamin H complex but supple¬ 
mented with thiamin, riboflavin, nicotinic acid, and concentrates or crystals of 
vitamin B«, very poor growth results. It is evident that other factors are needed. 

And again: “It is possible that several factors are concerned. In 
fact the evidence points to this conclusion.” A review. The B-Vita- 
mins Except B, and the Flavins, has recentlv been published bv Elvehjem 

W). 

Biological methods are never precise, and their accuracy varies with 
knowledge of the factors and conditions involved. As information 
regarding the physical and chemical properties of the vitamins has 
developed, chemical and physicochemical methods for assaying them 
have in some instances been devised; but these, although more precise 
than the biological methods, frequently yield results of yet undeter¬ 
mined accuracy and value. This condition is improving very rapidly; 
but in assigning vitamin values to milk one must pick his way amid an 
array of data that is very confusing in some instances and very incom¬ 
plete in others. 


141394“—39-40 
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SWINE 


byN. R. Ellis and i. H. Zeller’ 


THIS article deals with the more technicral aspects of swine feeding, 
outlining results of some of the research work that has been done on the 
requirements of the pig for energy, protein, minerals, and vitamins. The 
practical feeding of hogs, based on these requirements, is considered in a 
later article. 


The hog excels other livestock as an economical converter of feed 
into body tissue, the products of which are largely meat and fat. 
Fundamentally, the nutritive requirements of swine are not so com¬ 
plicated as those of other classes of livestock. The swine ration is 
largely made up of concentrated feeds with only a small proportion 
of roughage, aside from good pasture. Hogs grow rapidly and most 
of them reach market weight at 7 to 10 months of age. They also 
reproduce at a mucli younger age than most farm animals. Well- 
developed gilts are usually bred to farrow their first litters at approxi¬ 
mately 1 year of age. 

The growth of swine follows the same general law as that of other 
animals, but they grow much faster in proportion to their body weight 
than the larger farm animals. Growth curves showing the rate of 
increase have been published by various investigators. The curves 
given in figure 1 show a somewhat faster rate than most of the other 
United States data. These curves are based on records kept on 
litters used in record-of-performance tests at tlie Agricultural Researcli 
Center, Beltsville, Md., for the autumn farrows of 1936 and 1937 and 
the spring farrows of 1937 and 1938. The sows and the pigs of all 
four farrows were handled under essentially identical conditions except 
for the differences due to season of the year. Besides the ration of 
yellow com and a protein mixture with mineral supplements incor¬ 
porated, the sows grazed on rye pasture. The pigs were weaned 
either at 8 or at 10 weeks and a large proportion were placed on the 
recordrof-performance test. For the most part, the animals were 
removed from the feed lot when they attained a weight of approxi- 

> N. R. Ellis is Senior Chemist, Animal Nutrition Division, and J. H. Zeller is Senior Animal Husband¬ 
man, Animal Husbandry Division, Bureau of Animal Industry. 
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mately 225 pounds. The pigs were self-fed whole yellow corn and a 
mixture (known as the trinity mixture) of 50 parts tankage, 25 parts 
litiseed meal, and 25 parts alfalfa-leaf meal, plus 5 parts of a mineral 
mixture composed of 50 parts ground limestone, 27.97 parts steamed 
bonemeal, 20 parts common salt, 2 parts iron oxide, 0.01 part copper 
sulfate, and 0.02 part potassium iodide. The average birth weight of 
1,377 pigs was 2.91 pounds. 

Because of the divergence in rate of growth between fall- and spring- 
farrowed pigs, separate growth curves are shown for the two groups. 
It will be noted that the average weight of the fall pigs (fig. 2) at the 
age of 22 weeks was approximately 145 pounds and of the spring pigs, 
130 pounds. This difference of 15 pounds was probably associated 
with temperature. The hot summer months were apparently not so 
conducive to growth as the cool fall months. Beyond the age of 22 
weeks the growth rates were approximately parallel. During the last 
8 weeks the growth rate averaged 1.65 pounds a day. Further refer¬ 
ence to the feed consumption of record-of-performance pigs will be 
fourul elsewhere in this article. 

COMPOSITION OF THE PIG’S BODY 

In studying the nutritional needs of the pig it is well to consider 
first the percentage composition of the body. Some figures based on 
analyses made at the Agricultural Research Center are shown in 
table 1. These percentages are subject to wide variations owing to 



Figure L- Increase in live weight of pigs in 30 weeks, based on averages of numbers of 

pigs shown in parentheses. 
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Fiflure i?.—Fall-farrowed pigs grazing on rye pasture. 


differences in type, age, and nutritional condition. They do, how¬ 
ever, show the general trend as the pig grows and fattens. Water is 
an essential constituent of the body, found in the largest amounts in 
the blood and muscle tissues and constituting 40 to 45 percent of the 
weight of the average 225-pound market hog. The percentage of 
protein, which is found in every cell of the muscles, tendons, and soft 
tissues, is highest in the young animal and decreases as the pig fattens. 
The percentage of fat increases as the pig fattens. Because of the 
small skeleton of the pig the percentage of mineral matter is small and 
does not vary widely. 


Table 1 .—Body composition of swine 


Cond tion of fatness 

Weight at 
slaughter 

Body sub¬ 
stance 

Comi)onents of body substance 

Water 

Protein 

Fat 

Ash 


Pounds 

Pounds 

Percent 

Percent 

Percent 

Percent 

Thin _ _ 

106 

100 

56.3 

14.9 

25.8 

3.1 

Moderately fat__- _ 

162 

154 

49.2 

13.7 

34.2 

2.9 

Fat_ _ __ 

219 

210 

44.3 

12.6 

40.6 

2.5 

Very fat... _ _ 

230 

219 

41.4 

10.5 

45.9 

2 3 

Extremely faf_ _ 

343 

327 

37.7 

10.8 

49.5 

2.1 


REQUIREMENTS FOR ESSENTIAL NUTRIENTS 

Problems relating to the nutritive requirements of swine, along with 
those of other farm animals, have engaged the attention of scientific 
investigators since the middle of the nineteenth century. The classi¬ 
cal experiments of Lawes and Gilbert {665) ^ at the Rothamsted Ex¬ 
periment Station in England, on the composition of the body increase 
of swine in relation to the composition of the feed ingested nave been 
cited many times by nutrition workers in the past 80 years. Among 


’ Italic numbers in parentheses refer to Literature Cited, p. 1075. 
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other findings, this work formed an important and incontrovertible 
link in the evidence that body fat is formed from the carboliydrate as 
well as the fat in foods. 

During the third quarter of the last century, the concept was 
firmly established that the fundamental nutritive needs of the animal 
body were primarily for energy, with enough protein for maintenance 
and the building of muscle tissue. Much of the early work on feed 
requirements was done by German investigators. The feeding stand¬ 
ards formulated by Wolff, which have come down to the present day 
in various modifications, was first published in 1864 {32, p. 689). 
Those standards listed the amount of digestible crude protein, carbo¬ 
hydrates, and fat reciuired daily by the different classes of farm 
animals, including swine. 

The idea that energy and protein weie the only essentials to be 
considered in feed requirements persisted well into tlie present century. 
Indeed, Armsby, who was responsible for the introduction of the 
German feeding standards in this country, wrote in 1912 {31) that 
“the chief function of the feed aside from a minimum of protein, is to 
supply energy.” It is true that the need for a few mineral elements, 
such as the calcium and phosphorus found in bones, and sodium 
chloride to satisfy salt hunger, was recognized. The needs of live¬ 
stock, with the possible exception of swine, for minerals were consid¬ 
ered to be satisfied by the ordinary feeds that would meet energy 
rejiuirements. The discovery that swine often needed additional 
mineral supplements did much to promote research on the require¬ 
ments of other species and to extend inquiries to a wide range of 
mineral elements. 

Qualitative differences in proteins were also recognized early in the 
present century. Corn had become the staple hog feed at an early 
date in this country. With the recognition of the fact that the pro¬ 
teins in corn are of low quality owing to the absence of certain essential 
amino acids, numerous hog-feeding trials demonstrated the value of 
various supplementary feeds rich in protein. 

Early research on food requirements was directed more to the 
needs of cattle and sheep, and even the horse, than to those of swine. 
Much of the work on swine was concerned with such questions as the 
relative advantages of grinding, soaking, and cooking ^rain, and the 
influence of the nutritive ratio between energy and protein on the live- 
weight gains and the proportion of lean to fat in the carcass. Later, 
when the complications of mineral essentials and protein quality came 
to be recognized in swine feeding, the inexactness of the various sets of 
standards based on quantity of energy and protein were clearly evident. 

Today, the problem of fundamental nutritive requirements is 
broader and more complex. To the list of the more common and 
plentiful mineral elements such as calcium, phosphorus, potassium, 
sodium, magnesium, chlorine, iron, and sulfur have been added iodine, 
copper, manganese, cobalt, and zinc. Others are still in the doubtful 
class. The problem of vitamin requirements is a complex and ex¬ 
panding subject. The role of diet in relation to hormones is not well 
understood. Finally, it is more and more evident that the require¬ 
ments of swine for the various essential nutrients are different from 
those of other farm animals. 
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ENERGY 


Much attention has been given to the energy I’ecjuirements of the 
aiiinial body for maintenance. Because the pig is a fast-growing 
animal and the great majority of the pigs on farms are in the growing 
and reproductive stages^ the question of maintenance of body weight 
is less important than it is in the case of horses and cattle, where 
mature animals are kept for extended periods. Nevertheless, the 
amount of food needed for maintenance should be evaluated as 
fundamental to the needs for body increase and reproduction. 

One of the chief difficulties in the expression of the energy required 
for maintenance has been the segregation and evaluation of the 
portion above the basal metabolism (when the animal is completely 
at rest) that is expended (1) in eating, digestion, and assimilation of 
food, and (2) in exercise and activity. Some investigators have 
considered these expenditures a large, and others a small proportion of 
the total energy requirement. Likewise, certain of the reports show 
a definite allotment of energy for these secondary expenditures, while 
others have simply divided the total energy requirement into (1) net 
energy required for maintenance, and (2) energy required for body 
increase and reproduction. Some of these problems have been 
discussed by Mitchell and Kelley {802), 

Tn 1917, Armsby summarized the existing information on mainte¬ 
nance requirements of swine (32) and found that the net energy needed 
per 100 pounds live weight was 1,199 calories a day. Since that date 
there have been a number of contributions. Some Kngliah breeds 
of swine were studied by Deighton, using a calorimeter, and from 
these data on castrated male and female pigs, along with additional 
data obtained at the Missouri Agricultural Experiment Station, 
Brody et al. {167) have derived prediction ej^uations by means of 
which the basal metabolism of different weights of pigs may be 
calculated.® Brody and his coworkers have also proposed a feeding 
standard for total maintenance, which is twice that of their basal 
metabolism standard. Furthermore, they have expressed the feed 
requirements in terms of total digestible nutrients. Danish experi¬ 
ments by Breirem {160) on bacon-type pigs yielded a formula some¬ 
what different from that of Brody 

In Sweden, Edin and Helleday {SO 4 ) have derived another equation 
from Swedish, American, German, and Russian feeding and slaughter 
tests for estimation of the maintenance and production requirements. 

In a study of the energy and protein requirements of growing swine, 
Mitchell and Hamilton {799) found that 1 pound a day per 100 pounds 
live weight of a diet consisting of yellow corn, middlings, and tankage 
was required for maintenance of body weight in pigs weighing approxi¬ 
mately 225 pounds, while 1.5 pounds per 100 pounds live weight was 
required by 60-pound pigs. 


S The equation for castrated male and female pigs over fiO kilograms (HOpounds) live weight Is represented 
as Af+JO, where Q is the basal heat production in calories per day, M is the weight of the pig 

in kUpgrams, and « b the base of natural logarithms. Brody and coworkers have derived a general 

X«'’^ene?^i^a;;:Wf,^h®os'^i^^^^^^^ ^olywilght, yields 

* Em2t2S 6/9, where E is the daily requirement of net energy and W is the live weight in kilograms. 



Table 2. —Comparison of different estimates of maintenance energy requirements of pigs per day 
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A summary of the maintenance requirements as determined or 

compiled by different investigators is given m table 2. As already 
indicated, it has not been possible to express all requirements st^tly 
on the basis of economic maintenance or basal maintenance. 
siderable variability is noted in the figures. However, they are be¬ 
lieved to present a fair picture of the probable range under reasonably 
restricted environmental conditions. 

The production requirements over and above maintenance must be 
considered from the standpoint of the product. In growing and fatten¬ 
ing pigs, the product is lai^ely fat and protein. Because of the increase 
in proportion of fatty tissue to muscular tissue with increasing weight, 
there is a steady increase in the energy content of each additional 
pound of gain. Mitchell and Kelley (802) have estimated the values 
for different weights of pigs reared according to American feeding 
practice. For a 75-pound pig, 1,625 calories are stored, while for a 
225-pound pig 2,600 calories are stored in I pound of live-weight gain. 
The feed required to furnish these energy values have been estimated 
in a number of studies also cited by Mitcliell and Kelley. The experi¬ 
ments of Mitchell and Hamilton (7.9.9) would indicate that 5.4 pounds 
of a ration of com, tankage, and middlings would be required for a 
2-pound gain in a 225-pound pig. 

P*regnant gilts have a considerable amount of energy stored in body 
tissue as fat and protein besides the portion required for the embryos. 
Older sows also store a large amount of fat that is later utilized during 
lactation in the formation of milk. The demands of lactation for en¬ 
ergy are much greater than those of pregnancy. It is the exception 
rather than the rule for a sow nursing a fair-sizcil litter even to main¬ 
tain her weight, much less to increase it. The situation is quite com¬ 
parable to that with the milking cow. 

Numerous so-called energy feeding standards for swine have been 
proposed. For the most part they express the combined requirements 
for economic maintenance and production. On the one hand, eco¬ 
nomic maintenance, wliicli includes the quota necessary to cover the 
normal muscular activity in addition to the energy expended in main¬ 
tenance^* has been difficult to determine precisely, while on the other 
variability in production requirements and feeding practices has 
caused the proponents of most standards to set up values permitting 
a wide latitude of feed allowances. 

Investigators have used several forms for expressing the energy 
reqimements, so that there has been considerable confusion in inter¬ 
preting results for the evaluation of feeds and rations. Because of its 
wide use over an extended period, the net energy basis has been utilized 
in the present discussion as the common ground upon which to com¬ 
pare dmerent standards.* It has been found that the net energy value 
of a given feed varies with the body function being supported. It is 
higher for maintenance than for fattening. Undoubtedly the values 
for other functions are also different from those of either maintenance 
or fattening. Likewise, the energy values for different combinations 


»Bee Factors Affecting Maintenance Nutrition, Feed Utilisation, and Health ol Farm AnitYi.k , n. 431, 

• Net energy Is m exnresslon of the energy of the feed actually useful for body functioning, and the net 
ener^ values are Intended to show the amount of body product which may be expected from a unit weight 
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of feeds are variable and are not_ necessarily the cumulative total of 
the individual components determined separately. Processing methods 
employed in preparation of feeds also influence the digestibility 
and thereby the available energy. The most exact measurements are 
accordingly those on a given mixture fed under well-defined conditions. 

Table 3 gives several of the standards in abbreviated form to 
illustrate some of the differences encountered in them. The table also 
shows the changing requirements for different functions—growth, 
fattening, pregnancy, and lactation. In order to express the data on a 
comparable basis, it has been necessary in some cases to modify the 
figures from their original form. It wUl be noted that therms of not 
energy (a therm is 1,000 calories) are given in each of the five standards. 
Along with the net energy requirements are estimated amounts of 
feed mixture required. These are on an as-fed basis and of the type 
appropriate to accepted practice. The data of Mitchell and Hamilton 
(799) are based on results from swine type studies in which carcass 
analyses and digestibility experiments were conducted. The Fraps 
standard (S8S) is a tentative one based on digestion and growth data 
expressed in terms of production values for the more common American 
hog feeds. 


Table 3. —Comparison of standards for total daily energy requirements of sunne. 


ClasvS of hogs 

Mitchell and 
Hamilton 

A mericai 

Net 

energy 

n practice 

European practice 

Net 

energy 

1 Feed 
' mixture 

1 Feed 
j mixture 

Net 

energy 

1 Feed 
mixture 

Growing and fattening pigs: 

50 pounds.. . . . 

100 pounds - . 

150 pounds_ . 

200 pounds____ 

250 pounds__ 

300 pounds _ 

Thermn 
2.18 
3.63 
4.89 
6.08 
6.33 

Bounds 

2.6 

4.3 
6.0 

7.4 
7.7 

Therms 

2.40 

4.00 

5.50 

6.90 

8.30 

9.25 

6.26 
4.28 

4. 79 
3.68 

8.30 

Bounds 

2.9 

4.9 
H. 6 
8.1 
9.7 

10.7 

6.2 

5.0 

Therms 
1.89 
3.10 
5.04 
6.35 
8.12 

Bounds 

2.5 
4.1 
6.7 

8.5 
10.8 

Pregnant gilt (300 pounds); 

First week - _ 



3.4 

4.6 

Sixteenth week. . 



Pregnant sow (400 pounds) ; 

First week. _ .. 



) 

5.8 

4.4 

9.6 

• 7 5 

4.0 

5.3 

Sixteenth week. 



Lactating sow (400 pounds): 

Second week _ _ __ _ 



11.6 

16.5 

Klffht.h week 


fi. .51 




Fraps 

Morrison 

Total 
digestible 
nutrien t.s 

Beltsville 

CMass of hogs 

I^roduc- 

tion 

values 

Feeci 

mixture 

Net 

energy 

Feed I 
mixture 1 

R.O. P.i 
feed 

consumed 

Growing and fattening pigs: 

Therms 

Bounds 

Therms 

Bounds , 

Bounds 

Bounds 

60 pounds.. 

1.80 

2.6 

2.00 

2.7 

2.20 

2.7 

100 pounds___ 

3.15 

4.1 

3.45 

4.7 

3.75 

4.7 

150 pounds_ 

4.25 

6.7 

4.60 

6.1 

4.96 

6.3 

200 pounds.. 

5.30 

7.1 

5.36 

7.2 

5.80 

7.3 

260 poiind.s _ 

6.00 

7.9 

5.90 

8.0 

6.45 


300 noiinds _ 

6.70 

8.0 

6.46 

8.6 

7.00 


Pregnant gilt (300 pounds): 

First week __ _ 



4.4 

6.0 

4.8 


Sixteenth week _ _ 



3.6 

4.9 

4.0 


Pregnant sow (400 pounds): 



4.6 

6.2 

5.0 





3.6 

6.1 

4.0 


Lactating sow (400 iiounds): 










9.3 

12.8 

10.0 


Eighth week_ _ .. - 



7.9- 

10.4 

8.6 



‘ In reconl-of-performance teats. 
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The figures for American practice and European practice are based 
on the data of Mitchell and Kelley (80^), who intended them as 
typifying feeding methods rather than as actual standards in common 
use. The feed mixture used in calculating the allowance in the Ameri¬ 
can practice was a combination of corn and a trinity mixture of tank¬ 
age, alfalfa-leaf meal, and linseed meal with a mineral supplement 
proportioned for the appropriate nutritive,ratio and based on a 10- 
percent moisture content. The feed mixtures in the other standards 
were likewise adjusted in accordance with the type of production 
involved. Mitchell and Hamilton used a inixture of com, tankage, 
middlings, and alfalfa-leaf meal. A combination of com, barley, 
wheat middlings, and fish meal was used for the European practice. 
Morrison’s standards (819) are well known and need no further expla¬ 
nation. The total digestible nutrients can be calculated for the stand¬ 
ards other than Morrison’s by the use of the total digestible nutrient 
values for the feeds in question. ^ » 

It will be noted that the values given under “American practice” 
for growing and fattening pigs are the most liberal. Such a standard 
will probably promote a faster rate of fattening than the others. On 
the other hand, the allowance for the European practice is lower than 
the American, as might be expected from the greater emphasis on the 
production of bacon in Europe, but it does not differ greatly from the 
other standards. 

The estimates in the standard for American practice (80^) for 
pregnant gilts and sows were based on the assumption that the gilts 
would be permitted to gain approximately 100 pounds and the sows 65 
pounds during the gestation period. 

Brody’s data indicated a higher maintenance requirement for boars. 
Adequatedata for the total requirements of boars are apparently lacking. 

The last column in table 3 lists some typical figures for average 
daily feed consumption by growing and fattening pigs in record-of- 
performance tests at the Agricultural Research Center. These pigs 
have been self-fed on corn and a mixture of 50 parts tankage, 25 parts 
alfalfa-leaf meal, and 25 parts linseed meal. Until 1937, a mineral 
mixture was self-fed in a third compartment of the feeders, but since 
then this has been mixed with the protein mixture in the proportion of 
1 part minerals to 20 parts protein concentrate. 

It is noteworthy that the consumption figiires for the self-fed 
ration agree closely with those in the Morrison standard. 

The general use of self-feeders for the feeding of growing and fat¬ 
tening pigs in this country has largely submerged the interest in 
the choice of a suitable standard for popular use. Much of the interest 
has been directed to the problem of finding the mixtures that will pro¬ 
mote the most rapid gams in live weight and the most economical 
conversion of feed into live-weight gain. As information on protein, 
mineral, and vitamin requirements has become available and has 
been applied in the rationing of swine, much greater uniformity has 
been achieved by hog producers in the rapidity of gains and economy 
of feed utilization. There is thus good reason to believe that ene^y 
standards will continue to serve a very useful purpose in evaluating 
the success of improvements in rationing with respect to other nutri¬ 
tive essentials. 
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PROTEIN 

The problem of protein requirements is closely associated with that 
of energy and in actual practice is generally of more concern. Prob¬ 
ably the first major advance of recent times in swine nutrition was 
the finding that an exclusive corn diet supplied too little protein 
both in quality and quantity for the growing pig. This deficiency 
and the mineral deficiencies were met by the addition of such feeds 
as milk or milk byproducts, tankage, ftsK meal, linseed meal, soybean 
meal, and similar products. 

Much of the supply of these supplements must be purchased by the 
farmer to supplement the home-grown cereals. Usually the cost of 
the protein supplements is h^her than that of the cereals. It is not 
profitable to feed excessive amounts of protein beyond the require¬ 
ments since protein ranks slightly lower than starch as a source of 
enei^y. 

In computing the protein requirements, it is necessary first to 
figure the amount of protein that will supply the nitrogen used by the 
body tissues for upkeep or maintenance. Additional protein above 
the maintenance requirement is used for growth, reproduction, and 
lactation. It is possible, by means of balance experiments in which 
the intake and outgo of nitrogen are determined and also through 
analyses of the entire bodies of the pigs, to secure rather accurate 
figures on the amounts of protein actually broken down or built into 
the body. The determination of the total quantity of feed protein 
required is complicated by a number of factors. Among these is 
the fact that the digested protein is a h^hly variable quantity. 
Tbe approximate content of total d^estible protein has been deter¬ 
mined for many swine feeds. For most of the common feeds, 
60 to 90 percent of the total protein is digestible. But even after 
the total digestible protein in a given ration has been estimated, there 
is another variable to be figured—the portion of the digestible protein 
that is biologically usable in building tissue. The proteins in many 
of the common rations have a biological value not greatly in excess 
of 50 percent. 

As an example of the way the protein reejuirement works out, the 
following may be cited: Mitchell and Hamilton (799) as a result of 
their swine-type studies concluded that growing p^s of 100 pounds 
weight required 0.029 pound of protein for maintenance and 0.103 
pound for growth, or a total of 0.132 pound daily. On the basis of 
a biological value of 50 percent for proteins of their ration of corn, 
middlings, and tankage, the digestible protein required was estimated 
as 0.264 pomid. The d^estible protein in the ration constituted 
approximately 67 percent of the total protein, hence the requirement 
of total protein was 0.396 pound (50 percent more than 0.264 pound). 

Various sets of values have been proposed for the protein require¬ 
ments of pigs. In most of these the quantity has simply been related 
to body we^ht. The relation of the protein required for maintenance 
to the protein required for basal metabolism has been studied by 
Smuts {1086). On the basis that the protein requirement is pro¬ 
portional to a power of the body weight, he has proposed the use of 
an adaptation of Brody’s equation—P=0.88 m in which P is 

the daily protein requirement in grams and M the body weight in 
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kilograms. This equation is intended to yield generalized values 
appUcable to all species. The values calculated for various weights 
of p^s are shown in table 4 in comparison with other estimates of 
protein requirements. The Armsby figures were based on early 
German and American experiments. Lund (698), a Swedish worker, 
has furnished data for both maintenance and production. It is 
significant that the figures of Lund and of Smuts agree closely even 
though obtained by dift'erent methods. Among the German investi¬ 
gations the standards of Kellner (31) and of Lehmann (1246) have 
been widely quoted, while that of Peterson (914) is of comparatively 
recent origin in Sweden. Fraps of the Texas Agricultural Experi¬ 
ment Station has made extensive studies (383) on the digestibility of 
typical American swine feeds and rations. The source of the data 
of Mitchell and Hamilton has already been indicated. Their ^ures 
for actual protein are 50 percent of those for digestible protein, as 
are those of Smuts. Brody (167) estimated the digestible protein 
required as four times the endogenous protein (the minimum protein 
used for maintenance). 

Table 4 .—Comparison of standards for daily protein requirements of swine 

for maintenance 


Weight of pig 
(pounds) 


50- 

100 

150 

200 

250 

300 


Armsby 

Lund 

' Mitchell and Ham-' 
1 ilton 1 

Digest¬ 
ible pro¬ 
tein 

Digest¬ 
ible pro¬ 
tein 

Actual 

I protein 

Digest- , 
ible pro- j 
tein j 

Pounds 

0.024 
.048 
.072 
.096 

Pounds 

0.044 

1 .066 
.086 
.lOfi 

Pounds 

0.017 

.030 

.035 

.038 

Pounds 

0.034 
.059 
.071 
.075 










Smuts Brody 


Actual 

protein 

Digest¬ 
ible pro¬ 
tein 

Endoge¬ 
nous pro¬ 
tein 

Digest¬ 
ible pro¬ 
tein 

Pounds 

Pounds 

Pounds 

Pounds 

0.019 

0.038 

0.020 

0.079 

.032 

.064 

.032 

.130 

.043 

.086 

.043 

.175 

.053 

. 106 

.054 

.216 

.063 

.126 

.063 

.254 

.071 

.142 

.073 

.291 


The combined requirements for maintenance and growth are shown 
in table 5 as digestible protein. As in previous cases, the suggested 
requirements of a number of workers, both European and American, 
are given for purposes of comparison. The values are intended for 
use m conjunction with the enei^y-requirement figures of the same 
author or authors given in table 3. For full details on the use of these 
feeding standards, the reader should consult the references given for 
each. The figures in the last column are estimates based on the data 
used for the feed mixture consumption figures in table 3 for record- 
of-performance pigs at the Agric^tural Research Center. The intake 
of crude protein in the free-choice consumption of the com and the 
protein mixture was first obtained, and then digestible protein was 
estimated as 80 percent of the total crude protein. 

When protein-rich feeds are relatively high in price, it is desirable 
to restrict the protein allowance to the level that most economically 
meets the needs for maintenance and growth. Up to a certain point, 
the protein content of the ration has an important bearing upon the 
leanness of pork. Beyond the point where growth requirements are 
satu#ed, additional protein has little effect. Much of the variation 
between the proposed requirements shown in table 5 lies in the margin 
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of safety provided, although variations in production requirements 
exist owing to special factors peculiar to the type of hog being produced. 

XabI/E 5. protein retfuirements per doy of fp'owitig aiul f€iUening swine 


Kiiropoaii standards _| American standards 


Weight of pig 
(pounds) 

1 

Kellner 

(true 

protein) 

Leh¬ 

mann 

Lund 

1 

Peterson 

Armsby 

Mitchell 

and 

Hamil- 

to 

Frails 

Morri¬ 

son 

' Belts- 
ville 


Pound 

Pound 

Pound 

Pound 

Pound 

Pound 

Pound 

Pound 

Pound 

50__ 

0.31 

0.35 

0.37 

0.149 

0.30 

0.216 

0. 335 

0.39 

0. 40 

100 .. 

. 45 

.63 

.62 

.238 

.38 

.264 

.495 

. 56 

. 60 

150_ 

. 52 

.76 

.66 

.283 

.45 

.308 

.618 

.70 

. 72 

200_ 

.60 

.80 

.53 

.288 

51 

.304 

.712 

.78 

. 74 

250 . _ 

.60 

.. 

... _ 


. 55 

.282 

.790 

.86 


300__ ... . 







. 745 

.90 

— 


The lack of influence of the level of protein intake on the nature of 
the nitrogenous substance added to the body was studied a number 
of years ago at the Illinois Agricultural Experiment Station {3S1). 
The bodies of pigs from each of three groups that had received 0.32, 
0.70, and 0.94 pound, respectively, of digestible protein per 100 pounds 
live weight showed no significant difference in the relative content of 
total nitrogen, soluble xiitrogen, protein nitrogen, and nonprotein 
nitrogen. The influence of high protein intake on the protein me¬ 
tabolism of the bacon pig was studied recently by Woodman, Evans, 
and Turpitt {1259). Their data on pigs averaging 189 pounds in 
weight showed approximately equal protein retention on a normal 
daily intake of approximately 65 grams (0.14 pound) of digestible 
protein and on a high daily intake of 85 grams (0.19 pound). 

Often protein requirements are expressed as a percentage of the 
total ration. On such a bsisis the protein requirement may be too 
low or too high, depending on the needs of the animal or the feed 
consumed. CTarroll and Mitchell of the Illinois station {612) have 
reported data which showed that for pigs of 100 pounds live weight 
or less the ration should contain approximately 18 percent of protein, 
while for pigs over 100 pounds the percentage of protein may be 
dropped to 15 percent. The daily total feed intake has an important 
bearing on the proper protein content of the diet. This fact, as well 
as the importance of an adequate supply of protein, was shown in a 
study by Ellis and Hankins {S17). Three diets varying in protein 
content from 12.4 to 18.9 percent were fed at a level of 3 poimds of 
feed per day per 100 pounds live weight. The rates of gain of the 
pigs increased with increasing protein content of the diet. At 100 
pounds live weight, the estimated daily consumption of digestible 
protein on the one highest in protein content was 0.46 pound and the 
rate of gain in weight approximately 0.72 pound a day. These data 
suggest that some of the figures ^ven in table 5 may be too low for 
adequate protein metabolism, while at the same time they support 
the medium high values for general application. 

Controlled feeding work, such as the foregoing, on the effect of 
limitation of feed directed particularly at restriction of the energy 
intake is an effective means of studying the requirements for various 
elements. Studies on hogs in the Department of Agriculture {320) 
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have shown that moderate restriction of feed intake although reducing 
the rate of gain may at the same time reduce the feed requirement 
per unit of gain. Work in Great Britain has also given results favor¬ 
able to restriction as related to efBjjSiency of feed utilization. The 
Department’s work clearly demonstrated that the lean tissue of the 
carcass, which represents the protein content, can be maintained or 
even increased by restriction of the energy ip take. 

This suggests certain problems for further investigation. By work¬ 
ing with diets fed at restricted levels it is ptirely possible that im¬ 
provements in the balance of dietary Essentials can be effected which 
will still further increase the economy of gain. It should then be 
possible to determine the most practical feeding standard commen¬ 
surate with optimum functional performance, whether it be growth or 
lactation, and the most economical use of the diet as a whole. 

miiTerals 

The body of a 225-pound pig contains approximately 5 pounds of 
ash, or mineral matenal. Of this amount nearly 4 pounds is in the 
skeleton, about 0.8 pound in the meat, about 0.2 pound in the organs 
including the alimentary tract, and slightly less than 0.1 pound each 
in the skin and the blood. Calcium and phosphorus are the two pre¬ 
dominating inorganic elements in the skeleton asWell as in the entire 
body. Following are some estimates of the toffil quantities of the 
more common mineral elements in a 225-pound 



Pou nds 



Pounds 

Calcium...- 

. _ 1. 46 

Sodium_ 


_ 0. 16 

Phosphorus_ 

_ .88 

Chlorine. 

____ 

_ . 13 

Potassium __ 

_ .34 

Magnesium__ 


_ .06 

Sulfur_ 

_ .20 

Iron - __ 


_ .03 


Smaller quantities of copper, manganese, iodine, cobalt, and zinc 
are to be found. All the elements named are known to be required 
in the nutrition of certain animal species, but the need for adding 
manganese, cobalt, and zinc to swine rations is uncertain. The 
requirements are undoubtedly very low and the usual diversified ra¬ 
tion probably contains adequate amounts. It has been stated that 1 
part per million of cobalt in the diet is adequate for animals that have 
been studied. 

The requirements for calcium and phosphorus for bone formation 
have been fairly well determined. A lack of calcium or phosphorus 
retards normal skeletal development and gain in live weight (fig. 3). 
The bones becorne fragile and easily broken. In the prevention of 
these conditions it is important that vitamin D be supplied and that 
the proportion of calcium and phosphorus be kept within certain 
limits. The optimum range appears to be within the limits of one 
and two times as much calcium as phosphorus. Some approximate 
values for calcium and phosphorus requirements (80S), expressed as 
percentage of the dry ration and as net requirements for body needs, 
are given in table 6. 

Ordinarily the requirements as given can be met by the proper 
selection oi feeds. The cereals and cereal products are generally 
adequate in phosphorus. Protein supplements such as tankage and 
fish meals contam calcium as well as phosphorus. A concentrate 
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Figure 3 .—A ration too low in calcium causes such rachitic conditions as afflict this pig. 


ration of 9 parts of corn and 1 part of tankage by weight will ordinar¬ 
ily meet the calcium and phosphorus needs of a 50-pound pig grazing 
on legume pasture. 


Table 6. —Daily calcium and phosphorus requirements of hogs 



1 Calcium 

1 Phosphorus 

romlitioii and weight of piti (pounds) 






Dry ration 

Amount 

Dry ration 

Amount 

(Jrowiiitj piR: 

Percent 

Orams 

Percent 

I Orams 

50 ___ 

0.4 

2.5 

0.3 

l.S 

150 _ _ . _ 

.3 

3.0 

.25 

2.5 

250... . . _ . _ 

.2 

3.6 

.2 

3.1 

Prepnant 





250, early... ... 

.25 

4.0 

.2 

3.5 

250, late . . _ - ... - .. 

.4 

7.0 

.3 

5.0 

Laetatinj! sow; -100 

.45 

10.0 

.35 

8.0 


A lack of salt is marked by poor appetite, unthrifty condition, 
and failure to grow. Tankage and milk products supply a fair amount 
of salt, and on the usual ration, swine will ordinarily not consume 
more than a fraction of an ounce a day when allowed free access to it 
at all times. 

A lack of iodine such as occui's in goitrous areas of the Northwestern 
States leads to goiter and hairlessness in pigs. It is especially neces¬ 
sary that iodine he present in proper amounts in the ration of the 
pregnant sow to permit the birth of healthy pigs. It has been stated 
that a 150-pound hog requires about 0.1 milligram and a sow 0.2 mil¬ 
ligram of iodine a day. A common method of supplying iodine when 
it is shown to he inadequate in the ordinary ration is by adding potas¬ 
sium iodide to the mineral mixture. It is essential to use the utmost 
care to avoid harmful overdosages. 
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In addition to iron, copper has been found necessa^ for the building 
of the hemoglobin in red cells. There is some evidence that man¬ 
ganese and possibly cobalt are involved. Milk is lacking in an ade¬ 
quate supply of iron and copper for the needs of the nursing young. 
If suckling p^s are prevented from obtaining an outside supply from 
the dirt of the hog barn, from dry feed, or from some other source, 
they may suffer from anemia. Affected p^s show paleness of the 
mucous membranes, sluggishness, lack of vigor, and failure to grow 
normally. There are various procedures for preventing the occur¬ 
rence of anemia among suckling pigs. Medication with iron and cop¬ 
per salts is sometimes necessary, though the amounts required are 
small. An effective method in winter, when the animals are confined, 
consists in dissolving 10 grams of ferrous sulfate and 1.5 grams of cop¬ 
per sulfate in water and sprinkling the solution on 50 pounds of soil, 
which is placed inside the pen. The needs of the pregnant sow should 
not be overlooked. During the late weeks of pregnancy, several times 
her normal daily body needs are built into the embryos. 

A few suggested mineral mixtures containing various elements that 
may bo lacking in the swine ration are given in table 7. These mix¬ 
tures may be made available in a self-feeder or mixed in the feed at 
the rate of 1 to 2 pounds per 100 pounds of the feed mixture. The 
minerals usually can be mixed at home much more cheaply than they 
can be purchased in a commercial mixture. 

Table 7. — Suggested mineral mixtures for hogs 


Mixture No. 

Ground 

limestone 

! 

Steamed 
bone meal 

Salt 

Iron 

oxide 

Copper 
sulfate 1 

Potass i- 
liim iodide 

Charcoal 

Wood 

ashes 

1. 

Pounds 

33 

Pounds 

23 

pounds 

33 

pounds 

pounds 

Pounds 

Pounds 

Pounds 

2- .. 

50 

27.07 

20 

¥ 

0.01 

0.02 



3... 

40 

40 

20 



.03 



4.... 

25 

50 

5 




10 

10 

5...__ 

75 


25 






6.-. 


75 

25 

- 

- - ----- 



— 


VITAMINS 


Thus far the experimental work on vitamin requirements of swine 
has shown a definite need for vitamins A and D. The requirement 
for vitamin C, if any, is very small. Recent work has shown that 
several of the factors in the vitamin B complex are needed. These 
include riboflaAdn, nicotinic acid, the fractions obtained by extraction 
and separation by chemicals (called the eluate and filtrate fractions), 
and probably vitamin Bj. The identity of substances essential for 
the pig in the eluate and the filtrate fractions of liver, rice bran, 
yeast, and other sources is still obscure. Vitamin Ba, lack of which 
causes rat dermatitis, has been identified in the eluate fraction. The 
development of dermatitis in chicks has been found to be due to lack 
of a factor or factors in the filtrate fraction. 

Night blindness appears as the first easily recognized evidence of 
a lack of vitamin A in the hog ration. It has been found that pigs 
may lack normal vision in semidarkness and yet gain normally. If 
the dietary deficiency persists, growth will be retarded sooner or later, 
and other physical manifestations will be evidenced such as diarrhea, 
muscular incoordination, and paralysis of the hind legs (,546)- Addi- 
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tion of vitamin A, or of carotene, the precursor of vitamin A, either in 
concentrated form or more properly in natural sources available on the 
farm as green feed, yellow corn, or bright-green alfalfa hay or leaf meal 
to the ration will cure or prevent the symptoms of vitamin A deficiency. 

Work at the California Agricultural Experiment Station (4^7) has 
shown that the minimum requirements for vitamin A to prevent 
night blindness and promote normal growth and general thrift are 
approximately proportional to body weight for various species of 
animals. It is stated that 1.0 to 1.30 milligrams of carotene from 
plant material or 0.3 milligram of vitamin A from cod-liver oil per 
100 pounds body weight meets these requirements. 

Reproduction may be impaired or prevented by an inadequate 
supply of vitamin A. At the Te.xas Agricultural Experiment Station 
( 455 ) sows on a vitamin A-deficient ration have farrowed litters with 
a variety of defects including blindness, failure to develop eye tissue, 
cleft palate, and harelip. Gilts reared at the California Agricultural 
Experiment Station oti diets low in vitamin A have failed to conceive 
{654) • The difiiculty was corrected by addition of cod-liver oil to 
the ration. The exact requirements for reproduction and lactation 
are not known. Possibly additional amounts over the minimum 
suggested on a body-weight basis are needed. It should be possible 
to determine fairly accurately the amount needed for lactation in the 
sow to insure an adequate intake for the nursing pig. 

Vitamin D, the sunshine vitamin, is associated with the utilization 
of calcium and phosphorus in forming bone. When the calcium and 
phosphorus supply in the diet is abnormal either in content or in pro¬ 
portion of one element to the other, lack of sufficient sunshine or 
dietary vitamin D is especially serious and loads to the development 
of stiffness, eidarged joints, lameness, poor growth, and other evidences 
of rickets or other nialdevelopment of bones. Providing calcium 
and phosphorus in the amounts and proportions already indicated 
usually suffices for the prevention of rickets when the pigs are exposed 
to sunshine in the fields or outside pens. Winter confinement in the 
northern latitudes or in cloudy areas with little or no exposure to 
sunshine sometimes leads to the development of rickets. Under these 
conditions it is advisable to add vitamin U to the iliet. The cereals 
used in hog feeding ai'e genei'ally low' in vitamin D. Of the protein 
supplements, blood meal, tankage, and fish meal are of questionable 
value, although the latter is sometimes effective in the prevention of 
rickets. Alfalfa, especially when cured in the sun, has [iroved a very 
useful supplement for winter feeding. 

Nicotinic acid, which appears to be the substance that cures human 
pellagra, was found necessary for the growth and well-being of swine 
by Chick, Macrae, Martin, and Martin {202) of England in 1938. 
Pigs fed a diet of corn, purified casein, and salt mixture developed 
diarrhea, dermatitis, and loss of appetite. The skin became a dirty 
yellow color, covered with scabs and largely denuded of hair. The 
addition of nicotinic acid to this diet entirely cured or prevented the 
development of these disturbances. 

Hughes of the Califoniia Agricultural E.xperiment Station {556) 
has reported experiments that confirmed the English work on the need 
for nicotinic acid and also showed that a lack of riboflavin was asso- 

141304”—39-47 
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oiated with poor growth and poor feed utilization. Tlie California 
work also suggested that thiuniin (vitamin Bi) and substances in 
both the filtrate fraction and the eluate fraction were necessary for 
the nutrition of the pi^. It appeared to bo necessary to add several 
of the factors in the vitamin B complex to the basal diet to secure 
healthy, fast-growing pigs. 

In cooperative studies with the Bureau of Animal Industry on the 
growth requirements of pigs, Wintrobe of Johns Hopkins 

University, fouiul that growth was accelerated when either thiamin 
or riboflavin was added to a basal diet essentially free of ,the water- 
soluble vitamin factors. 

The English workers have continued their investigations on the 
requirements of the pig for the components of the vitamin B complex 
{20S). Besides recognition of the neetl for riboflavin and rucotinic 
acid, they have found that both the eluate and filtrate fractions wore 
necessary for health and growth. A lack of the filtrate fraction from 
liver extract leads to a cessation of growth, development of a flaccid 
palsy of the hindquarters, and eventually death. Deprivation of 
the eluate fraction from liver caused a certain type of anemia, with 
low corpuscular volume and low hemoglobin, and also epileptic fits. 

More work needs to be done on the relation of vitamin E to fertility 
in swine. 

Much work remains to be done to establish the quantitative 
requirements of switie for the vitamuj factoi’s, the content of these 
factors in hog feeds, and the conditions under which swine diets 
require special supplementation. Yellow corn is known to be a good 
source of vitamin Bi and riboflavin as well as of vitamin A. It is low 
ill nicotinic acid but apparently furnishes an adequate supply of the 
factors in the eluate and filtrate fi'actions when fed as the main part 
of the diet. Wheat, barley, and especially brewers’ rice are low in 
riboflavin. Although processing methods probably result in some 
destruction of the vitamins, animal and marine byproducts, including 
skim milk, buttermilk, whey, tankage, and meat and fish meals, 
undoubtedly have high value as supplements for supplying vitamins 
as well as protein and minerals. Filially the leafy forages have 
demonstrated their general usefulness as protective feeds. 

WATER 

The importance of water in the economical production of hogs 
should not be overlooked. A certain amount is supplied daily in 
wet slops when this system of feeding is used. With self-feeding, 
hogs need access to good fresh water at all times. Otherwise they 
will not consume sufficient dry feed to make the most rapid growth. 
Water may also be a carrier of certain mineral elements such as iron, 
calcium, magnesium, and sulfur. Evvard {351) of the Iowa Agricul¬ 
tural Experiment Station found spring pigs consumed more water 
than fall pigs up to approximately 200 pounds in weight. The 
amount of water consumed daily at will by spring pigs averaged 3.3 
pounds for the 25-pound pig and increased to 11.5 pounds for the 
175-pound hog. As the pig gets older it requires proportionately less 
water, because it consumes less feed per unit of weight and the water 
content of the body is decreasing. 
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byj. H. Zeller and N. R. Ellis’ 


HERE the authors describe the various kinds of feeds and systems of 
feeding used in the United States, and tell how to use the different carbo¬ 
hydrate and protein supplements to get economical results; what to do 
to avoid soft pork; how to make sure of furnishing adequate amounts of 
minerals and vitamins; and how to meet the special needs of growth, 
pregnancy, and lactation. 


Although the hog industry is based on com, the hog can utilize a 
larger variety of feeds to greater advantage, perhaps, than any other 
farm animal. Small-grain crops—wheat, barley, oats, rye, and the 
kafirs—can be utilized as a major component of the swine ration, and 
root crops, such as peanuts, potatoes, arid sweetpotatoes, are also of 
value. Byproducts of the fisliing industry, the packing industry, and 
the industries milling wheat, rice, cottonseed, and soybeans are used 
in hog feeding; and byproducts of the dairy industry, such as skim 
milk, buttermilk, and whey, together with various kinds of home¬ 
grown forage and pasture crops, all play an important role in supple¬ 
menting the cereal-grain ration. 

The modern hog feeder uses the relatioji of prices between com or 
other feeds and the selling price of hogs as an indication of when to 
increase or decrease his production program. The cost of feed alone, 
including pasture, is estimated to make up approximately 75 to 85 
percent of the total cost of producing marketable hogs. The cost of 
feed varies greatly from year to year, or even within shorter periods; 
It varies also in different sections, owing to local conditions of supply 
and demand. With the price of feed plajdng such an important role 
in the production cost of hogs, the producer must always be alert to 
use locally available feeds, properly balanced, to give the most 

economical returns. . , . , i xu • 

Whenever hog prices have been relatively high compared to the price 
of corn, farmers have usually increased their production of hogs. A 
year to a year and a half from the time such a decision was made the 

1 J H Zeller Is Senior Animal Husbandman, Animal Husbandry Division, ind N. R. Ellis is Senior 
Chemist, Animal Nutrition Division, Bureau of Animal Industry. 
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h.croased supplv of hogs voaelu'd the market, which soon became ovor 
Zm cflSing J.ofr prices, to drop.. Hog producers then began to 
rSe their breeding operations, ^-'d^nce of tho oroW...„.. 


This tendency of the producers to 
Syirst*'^oemed to carry them too far in 
the opposite direction. This is the reason for the more or less regidai- 
cycles that have characteiized hog prices. . 

The relation, then, between feed prices and selling pricp of hogs 
tended to be self-perpetiinting. Each period of favorable hog prices 
caused too great an e.xpansion in production before prices became 
unprofitable, and each period of unfavorable prices caused too great a 
reduction before favorable prices were restored. Those fanners who 
had not varied their production from year to year or who had timed 
their expansion opposite to the majority were the ones who usually 
made the greatest profit. 

Any leveling out of these cycles in hog production naturally will 
react favorably on the industry as a whole. 

Changes in the type of hogs have been made to meet economic 
demands of consumers. Since the swine industry of the United States 
has been founded mainly on the com crop as the basal feed, the lard 
type of hog has been predominant. The bacon-type breeds, as such, 
have been found in small numbers in scattered sections of the country 
but have not attained the popularity of the lard-type breeds. When 
consumer demand dictated the need for a hog with less fat and leaner 
hams and bacons, breedere have utilized the lard-type breeds in an 
endeavor to develop a type to meet the requirements. 


SWINE PRODUCTION IN THE UNITED STATES 

The United Sta tes is self-contained from the stand point of swine pro¬ 
duction. Hogs can be raised in practically all sections of the country 
on a great variety of feeds that are usually produced locally. In this 
respect the system here differs from those found in some foreign 
countries. England, for example, imports large quantities of cereal 
grains and protein supplements for use in the feeding of hogs. Ireland 
depends to a certain extent on imports of cereal grains and other feeds 
to supplement the local potato and milk byproducts upon which its 
swine industry is largely based. The swine industry of Denmark 
has been built up as a byproduct of the dairy industry’ with milk and 
whey supplementing home-grown and imported cereals. In recent 
years, Germany has been driving toward econonne self-sufficiency in 
the swine industry, with a reduction of imports of cereals and a wider 
use of home-grown crops such as potatoes, sugar beets, and green 
forage. This results in a less concentrated ration. 

Since hogs are produced and fattened in all the 48 States, there are 
naturally great differences in the feeds used and in methods of feeding 
and management. While the principles involved in feeding practices 
apply equally well to all parts of the country, the problem of produc¬ 
tion may be viewed from a sectional standpoint. The country may 
be divided into four major regions: (1) The Com Belt, which includes 
the North Central States; (2) the South, which includes the South 
Central States; (3) the Atlantic coast region, which includes the 
North Atlantic and South Atlantic States from Maine to Florida; 
(4) the Western States. Figure 1 graphically defines the four regions 
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and shows the number of hogs on farms January 1, 1939, as estimated 
by the Bureau of Agricultural Economics. 

THE CORN BELT 

The Corn Belt includes the 12 States comprising the North Central 
division. During 1936 this group of States produced 60 percent of 
the total corn crop of the country and had on farms January 1, 1937, 

62 percent of the total hog population; and during 1937 they produced 
72 percent of the total corn crop and had on farms January 1, 1938, 

63 percent of the total hog population. Although an increase of over 
3 million head from January 1, 1938, to January 1, 1939, is indicated, 
the percentage of the total hog pofjulation in the Corn Belt remained 
the same—63 percent. The relation of production of corn to pro¬ 
duction of hogs in the six States raising the largest numbers of hogs is 
shown in table 1. Tbe relationsbip between tbe pro<hiction of corn 
and the number of liogs on farms the following January, to be fed out, 
is fairly close. Even adverse conditions such as occurred during the 
drought of 1934 and again when weather conditions sliortened the corn 
crop in parts of the area in 1036 did not disturb tbe relationship as 
much as might have been expected. Tbe fact that the percentage of 
the total hog population produced in these States held rather constant 
during the 5-year period indicates that production did not wholly 
depend upon the corn crop. 

ITog production is one of the main livestock enterprises throughout 
the Corn Belt. As a general ndc it is profitable over a period of years. 
It fits into the operating plan used on most farms and aids in the 
marketing of a large part of the corn crop. On some farms hog pro¬ 
duction is the main livestock enterprise, while on others it is a side line 
to other livestock programs, such as raising beef cattle and dairying. 
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Table 1. —Relation of corn to production of hogs in 8 leading hog States, l93i-39 


ProrlucI ion of corn 


State 


Iowa. -.. 
Illinois... 
Indiana.. 
Missouri 
Nebraska 
Ohio_ 


Total_ 

Total, United States __ 

Proportion of entire crop produced by fi 
States___ 


State 


Iowa___ 

Illinois.... 

Indiana_ 

Missouri_ _ 

Nebraska . 

Ohio_ . .. 

Total.. 

Total, United States .. . 

Proportion of entire crop proiiuced by ft 
States. 


193-4 

1935 

1936 

1937 

1938 1 

1,000 bushels 
U)5,895 
14ft, 760 
06, 298 
2ft, 482 
21,363 
92, 200 

1,000 bushels 
373,388 
318,510 
162, 260 
72,890 
106, 630 
160,556 

1,000 bushels 
190,434 
217, 751 
116,510 
40,032 
26,859 
121,605 

1,000 bushels 
498,690 
449,616 
213, 840 
117, 242 
82, 992 
163,228 

/ ,000 bushels 
468,923 
379,350 
173, 389 
117, 720 
107, 735 
156, 992 

578,998 i 

i 1,191,240 

713, 191 

1,.525, 608 

1,404, 109 

1 1.377.126 

2, :303. 747 

1, 507, 089 

2, 651,284 

2, 542, 238 

1 Percent 

1 42.04 I 

Percent 

51.84 

Percent 

47.32 

Percent 

57.54 

Percent 

55. 23 


Hogs on farms Jan. 1 


1935 

1936 

1937 

1938 

1,000 head 

7,504 

4,134 

3,182 
2,622 

1, 598 

2, 607 

1939 1 

1,000 head 
6,250 
3,510 
2,675 
2,400 
2,034 
2,160 

1,000 head 
7,250 
3,860 
2, 942 
2, 760 
2,238 
2,333 

1,000 head 

6,525 
4,053 

3, 236 
2,622 
1,567 
' 2,706 

1,000 head 

8,179 
4, 42J1 
3,405 
3,120 
1,998 
2, 737 

j 19,029 

21,383 

j 20,709 

21,647 

23, 862 

1 39,004 

42, 837 

j 42,948 

44,218 

49, 011 

1-- - 

Percent 

Percent 

Percent 

Percent 

Percent 

48. 79 

49 92 

48 22 

49.30 i 

\ 48.69 


1 Preliminary figures. 


While corn ranks first as tlie main cereal crop used in feeding hogs 
in the Corn Belt, other cereal grains such as wheat, oats, barley, and 
rye are used quite extensively, sometimes as a partial substitute for 
corn. In the northern section of the Corn Belt the small grains 
assume considerable importance in swine feeding. 

Protein-rich feeds to balance the protein deficiency of the common 
farm grains are readily available to hog feeders in this region. By¬ 
products from the dairy industry, such as skim milk, buttermilk, and 
whey, furnish protein feeds of animal origin. Tankage, a byproduct 
of the packing industry, is manufactured in largo quantities within the 
region and makes available an animal protein without excessively high 
transportation charges for long shipments. 

The rise of the soybean to prominence in the farm program in the 
last 15 years in this region has made available a home-grown plant- 
protem supplement. Soybeans are grown on many farms and are 
used in various ways. Much of the harvested crop is milled, and the 
meal remaining after removal of the oil is used in hog feeding. Other 
proteins of vegetable or plant origin, such as cottonseed meal, linseed 
meal, and gluten meal, are often fed in combination with proteins of 
animal or^n. 

Pastures are used guite extensively as a further source of proteins, 
minerals, and vitamins. Permanent pastures of bluegrass, alfalfa, 
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and the clovers make gazing available during the growing season. 
Temporary pastures are used to furnish grazing at stated intervals or 
to supplement the permanent pastures. 

The hog has also been used quite extensively in the Com Belt in 
helping to harvest crops at different seasons of the year. Corn is fed 
not only on the cob, shelled, or as meal in the feed lot, but is hogged 
down by turning the hogs into the field and allowing them to harvest 
the crop. Soybeans are commonly plantc«l with corn for hogging 
down. The supplemental feeding of a small amount of tankage daily 
with access to a mineral ini.\ture completes a well-balanced ration. 

P^s weighing 75 to 100 pounds are \ised to follow steers in the feed 
lot and glean the waste that otherwise might be lost. The gains made 
by pigs following cattle increase the returns from the cattle-feeding 
enterprise. The method of feeding and amount of feed given to tlie 
cattle influence, the requirements for ad»litional grain and protein 
supplement for the hogs. Where cattle are fed largely on grain the 
practice of feeding a small amount of protein sui)plement to the hogs 
daily helps to balance the ration. 

THE SOUTH 

Approximately 20 percent of the total hog population on January 1, 
1939, was found in the eight Southern States of Kentucky, Tennessee, 
Alabama, Mississippi, Arkansas, Louisiana, Oklahoma, and Texas. 
Tn number of hogs this section ranks next in importance to the Corn 
Belt. Formerly liog production was retarded somewhat by the pre¬ 
eminence of the cotton crop. Because of the ravages of the boll 
weevil, together with campaigns for soil improvement, the hog is 
gradually finding a more important place in the new diversified agri¬ 
culture in the South. In parts of the South small numbers of hogs 
that are allowed to shift for themselves on free range in the woods 
may still be found. This practice is decreasing, however. Farmem 
are realizing the importance of better feeding practices. The laiger 
use of soil-improvement crops together with favorable climatic con- 
tlitions makes possible year-round systems of grazing for hogs in 
many parts of the South. The past decade has seen many changes in 
systems of feeding and management, and as a result the South is now 
producing a much more desirable market type of hog. 

The feeds vaiy somewhat according to localities. Although corn 
can be grown in the South, it does not assume the importance in swine 
feeding that it does in the ('’orn Belt. The yield per acre is much 
smaller because of climatic and soil conditions. 

Grain sorghums, which produce a fair crop on soil too thin for corn, 
are similar to corn in composition and are substituted where they are 
available. Kafir, milo, sorgo, and feterita are of importance in swine 
feeding in Oklahoma and Texas. 

One of the southern crops associated closely with pork production 
is the peanut. Hogs are used to glean the peanut fields after the crop 
is harvested or are turned into the field to harvest the entire crop. 

Byproducts from the rice industry such as rice bran, rice polish, 
and brewers’ rice are utilized in hog feeding, especially in Arkansas, 
Ijouisiana, and Texas. Both rice bran and rice polish, because of 
their high fat content, produce soft pork unless fed in small amounts 
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in combination with other nonsoftening concentrates, such as corn 
or brewers' rice. 

Of the root crops used in this area for swine feeding, sweetpotatoes 
are of most importance. They can be grown on soil that is sandy and 
too thin for good corn production. Hogs are used to clean up the 
fields aHer sweetpotatoes have been dug. 

Various locally produced protein concentrates are available, includ¬ 
ing tankage, shrimp meal, and milk byproducts, all of animal origin, 
and cottonseed meal, peanut meal, and ground alfalfa, of plant origin. 

THE ATLANTIC COAST REGION 

The 17 States in the Atlantic coast region had on farms oh Januaiy 
I, 1939, approximately 13 percent of the total hog population. Only 
2.5 percent were in tlie 9 North Atlantic States. Pennsylvania alone 
accounted for over half the number in that area. The 8 States in the 
South Atlantic ^roup accounted for 10.5 percent of the tot^,! number 
of hogs. Georgia and North Carolina were the principal hog-growing 
States in the southern part of the region. 

The majority of swine enterprises in the North Atlantic States are 
small, and most producer's feed only a few pigs for home use. In 
Pennsylvania hogs are maintained in small units on a large number of 
farms. Most farmers raise a surplus for sale each year, thereby 
augmenting their cash returns. Most farms have a divei*sified live¬ 
stock program with the hog used as a side line to cattle feeding, dairy¬ 
ing, or other enterprises. In addition, hogs are used to glean the 
fields and consume a variety of feeds that otlierwise might be wasted. 
Grain crops such as corn, barley, oats, and rye are marketed through 
hogs. The general plan of feeding follows closely the practices in the 
Corn Belt. Protein supplements of tankage, fish meal, middlings, and 
skim milk are used to supplement the grain ration. Pasture crops of 
alfalfa, the clovers, soybeans, rape, and winter rye are commonly used. 

The principal feeds used in fattening hogs in the South Atlantic 
region are somewhat similar to those used in parts of the South, 
especially in Arkansas, Mississippi, and Ahibama. Corn is used in 
the dry lot, or for hogging down alone or in combination with peanuts 
or soybeans. The protein supplements available are fish meal, cot¬ 
tonseed and soybean meals, tankage, and milk byproducts. 

Peanuts are used extensively as a hog feed in yjarts of Geoigia and 
Florida and are usually grazed alone or in combination with com. 
Sweetpotatoes and chufas are both grazed in the same States. 

Year-round systems of crop rotation are being worked out for 
different sections so that hogs can be grown and fattened on mature 
crops. Usually such crops as corn, peanuts, sweetpotatoes, soybeans, 
and oats are planted at different times to furnish a succession of ma¬ 
ture grazing crops. 

Pasture crops are important since they can be utilized during a rela¬ 
tively large part of the year and furnish a variety of home-grown 
protein and mineral supplements at a reasonable price. Crops used to 
advantage are alfalfa, the clovers, rape, soybeans, cowpeas, Sudan grass, 
winter oats, rye, and soigo. Sudan grass and soigo pastures are of value 
because their dense stands permit much heavier grazing than such crops 
as soybeans and cowpeas. Limited feeding oi com to pigs on green 



PRACTICES IN SWINE FEEDING 


729 


foragje to weights of .75 to 100 pounds is practiced in some sections. 
At these weights pigs are turned into the fields to hog down corn. 

A lai^e number of hogs in the Atlantic coast region are grown aiul 
fattened on garbage near the lai^er cities. Most garbage is more oi’ 
less a balanced ration and no supplemental feed is required. Some 
feeders, however, supplement the garbage with feeds such as com, 
barley, and middlings in order to obtain faster gains. Some garbagt* 
feeders follow the plan of raising their own pigs. The sows are usually 
fed on garbage and the pigs are started on garbage as sucklings. 
Some feeders, on the other hand, purchase pigs weighing 75 to 100 
pounds and finish them on garbage. Hogs relish raw garbage more 
than cooked garbage. However, recent investigations conducted bv 
the Zoological Division of the Bureau of Animal Industry show that 
the occurrence of trichinae in hogs fed raw garbage is eight times as 
great as that in hogs fed cooked garbage. Cooking the garbage 
helps to destroy such organisms. 

THE WESTERN STATES 

TjCss than 5 percent of the total hog population on January 1 , 1939, 
was found in the 11 States of the region west of the Corn Belt and the 
South. A large part of this region is mountainous, arid, or a plain 
and range country better atlapted to sheep and cattle than to hogs. 
Eighty-five percent of the hogs raised in the region are found in Cali¬ 
fornia, Idaho, Colorado, Oregon, and Washington. 

The feeds used, alone or in combination, in making up the basal 
ration are corn, barley, wheat, rye, oats, and hog millet. The grain 
sorghums—kafir and milo—and rice bran and rice polish, byproducts 
of the rice-milling industry, are used to some extent. All these feeds 
e.xcept corn .should be ground or rolled for most economical returns 
in the ration for growing and fattening hogs. Protein supjilements 
of animal origin fed in this area are fish meal, tankage, and skim milk. 
The plant proteins, such as wheat middlings, alfalfa, linseed meal, 
cottonseed meal, and soybean meal are of more importance, however. 

In California, barley is the principal cereal grain used. The grain 
sorghums, rice bran, and rice polish are also fed. The climate of 
California is mild and pasture is available most of the year. Alfalfa 
grows well and furnishes a legume of excellent quality to supplement 
grains and animal protein. A large number of hogs are fed garbage in 
the vicinity of the larger cities under conditions similar to those on the 
Atlantic coast. Some feeders are grain-feeding the garbage-fed hogs 
prior to marketing in order to improve the produet. Low-grade 
fruits and vegetables are sometimes utilized in swine feeding. Raisins, 
figs, and prunes are carbohydrate feeds and usually give best residts 
when combined with barley or the grain soi^hums and supplemonteil 
with a protein concentrate. Tuber and root crops such as artichokes, 
sweetpotatoes, beets, and potatoes fed in combination with other 
feeds furnish nutrients and add variety to the ration. 

FEEDS FOR ENERGY AND FATTENING 

The chief sources of heat and energy in the diet are the carbohydrates 
and fats. Materials rich in these substances are pojnilarly called fat- 
tening feods* Carbohydrates are found in abundaiice in the cereal 
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grains, corn, wheat, barley, rye, oats, and other farm-grown feeds 
that make up tlie basal [lart of the swine ration. Fat is supplied in 
small amounts in the cereal grains and in protein supplements of both 
animal and plant origin. Certain hog feeds, including peanuts and 
soybeans, are high or moderately high in fat. Tlie fuel value of fat 
in the ration is about 2.2li times as great as the fuel value of an equal 
weight of carbohydrates or protein. In tlie fattening animal, the fats 
in the diet are utilized to form body fat. Swine are unusually efficient, 
however, in converting sugars and starches into body fat. 

Corn is a carbohydrate feed, and because of its deficiencies in protein, 
minerals, and vitamins, it needs to be supplemented with feeds high 
in these nutrients. Hogs fed on corn alone usually gain slowly and 
require a large amount of feed per unit of gain. White corn, especial¬ 
ly, is deficient in vitamin A and for young pigs in dry lot or hogs on 
winter rations deprived of access to pasture it should be supplemented 
with at least 5 percent of alfalfa-leaf meal or good-duality alfalfa 
hay in addition to an animal protein supplement of skim milk, tank¬ 
age, or fish meal. If young pigs are raised to a weight of 100 pounds 
on normal rations containing a generous supply of vitamin A, they may 
store enough of the vitamin in their bodies to permit economical gains 
of approximately 100 pounds before malnutrition troubles develop 
if they are changed to a white-corn ration. Corn may be fed on the 
cob or shelled and produces good results when fed in properly balanced 
rations to all classes of hogs. Usually it does not pay to grind corn 
for hogs unless it is desirable to combine it in definite proportions 
with other feeds, in which case it is easier to make a more uniform 
mixture with ground corn. 

The grain sorghums, kafir, milo, sorgo, feterita, and others, grown in 
regions where climatic and soil conditions are unfavorable for corn, 
have approximately 90 percent of the feeding value of corn, hixperi- 
ments have shown that better gains are produced when the grains are 
ground and fed dry rather than .soaked. 

Wheat is usually regarded as a cash crop atid milled for human con¬ 
sumption. There are times, however, when the relation between the 
jiricc of wheat and that of corn makes it profitable to feed wheat to 
livestock. Pound for pound, good-quality wheat on the average is 
approximately 5 percent more efficient than corn in producing gains 
on hogs. Wheat is higher in protein and carbohydrates, contains less 
fat, and is slightly higher in total digestible nutrients than corn of 
the same dry-matter content. Since the protein in wheat is deficient 
only in the essential amino acid lysine, wliile corn is deficient in both 
lysine and tryptophane, usually less protein supplement is required 
to balance the ration when wheat is used. Wlieat. like white corn, is 
deficient in vitamin A. Because the wheat grain is small and rather 
hard it should be ground for rnost economical utilization. Wheat may 
be fed as the sole grain or it may be combined with other grains. 
Wheat byproducts such as standard middlings, flour middlings, and 
red-dog flour are quite commonly fed to hogs in varying amounts as 
partial substitutes for corn. Generally speaking, wheat byproducts 
may replace up to one-third of the corn in the ration with good results. 
When wheat is low in price or damaged by insects it may be more profit¬ 
able to market it through hogs than in other ways. 
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Barley is slightly higher in protein content than corn, but should 
he supplemented with animal protein feeds and pasture or dried- 
legume forage in order to furnish essential amino acids, minerals, and 
vitamins, especially vitamin A {656):^ The relative value of barley 
compared to corn in the swine ration depends on the weight of the 
barley per bushel. Experiments have shown that the efficiency of 
barley as a hog feed compared with corn ranged from 92 percent for 
heavy barley weighing 49 pounds per bushel to 74 percent for light 
barley weighing 41 ]jounds per bushel. Grinding barley before feed¬ 
ing improves its feeding value enough to more than pay the cost of the 
operation. Pound for pound, barley should be cheaper than corn 
when it is used as a hog feed, since it is not so efficient and an additional 
expense is incurred for grinding. 

Oats are considered a good feed for growing pigs and for brood sows, 
but they are too high in fiber and too bulky to be used exclusively as 
the fattening ration for hogs. Tn addition it is known that a diet of 
oats needs to be supplemented in protein, vitamin A, and calcium. 
For fattening hogs oats are usually fed in combination with other 
grains such as corn, wheat, or barley. Grinding oats increases their 
feeding value for growing and fattening pigs. When good-cpudity 
ground oats, weighing 32 pounds to the bushel, do not make up more 
than one-third of the ration they are considered to be ecpial in fee«ling 
value, pound for pound, to corn. When oats make up more than one- 
third of the ration for fattening hogs their value decreases to 65 to 70 
percent of the value of corn. Hidled oats usually are more expensive 
to prepare than ground oats. To be used pi’olitably as a fattening 
feed for hogs, oats should he as cheap as or cheaper tlian corn, pound 
for pound. 

Rye is often fed to hogs and is considered to have a feeding value 
approximately 90 percent that of <;orn. Usually best results are 
obtained when rye does not make up more than one-half the ration for 
fattening hogs. Equal parts of ground rye and corn or ground rye and 
ground barley properly supplemented with proteins of good quality 
give good results. Generally rye is not very palatable and hogs lose 
their appetite for it if fed too much. Usually the feed consumed daily 
by pigs on a rye ration decreas<>s as the proportion of rye is increased. 
When rye is cheap in price compare*! with other grains it can be substi¬ 
tuted economically for part of the grain concentrate in the ration. 

The several byproducts of the rice-milling industry available for 
feeding hogs are classed as carbohydrate feeds. In limited amotmts, 
rice bran is consiilered to have a feedijig value about 90 percent of that 
of corn. Rice bran is high in fiber and because of its bulkiness should 
be fed in combination with corn or tankage. Not more than 50 percent 
of the ration should he made up of rice bran because of its tendency to 

produce soft pork. , f • t • 

Brewers’ rice is made up of the small broken kernels of nee. It is 
similar to com in composition. When properly supplemented with an 
animal protein such as tankage, fish meal, or skim milk, it produces 
gains comparable to those made on a corn ration. The carcasses of 
hogs fed on brewers’ rice are very firm. 

* Italic numbers in parentheses refer to Literature Citetl, p. 1076. 
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Molasses is sometimes used in the swine ration. It is considered to 
liave a feeding value approximately 90 percent that of corn when it is 
substituted for corn up to about 20 percent of the ration. It is usually 
unsatisfactory when substituted for all the corn in the ration. When 
it is cheaper than corn or other grain, molasses may be substituted for 
a part of the grain in the ration. Molasses may cause scours in pigs 
unless they are started on it gradually and then fed it in limited quan¬ 
tities. 

Sweetpotatoes are fed to a considerable extent in the South. They 
arc high in starch in proportion to their protein and mineral content. 
Best results are usually obtained when pigs grazing sweetpotatoes are 
given approximately 2 pounds of grain a day per 100 pounds live 
weight in addition to a protein supplement of tankage or fish meal, and 
a mineral mixture. Hogs that liavc access to a soybean field when 
grazing sweetpotatoes need less protein supplement. It requires 
approximately 4 pounds of sweetpotatoes to equal 1 poxipd of grain 
when fed to hogs in dry lot, while approximately 5 pounds of sweet¬ 
potatoes are required to equal 1 pound of grain when the crop is hogged 
down. 

Wliite or Irish potatoes arc not so important a source of carbohy¬ 
drate in the hog ration in this country as in Europe. They are used as 
a hog feed when they have little value on the market and grain prices 
are high. It is necessary to boil or steam potatoes for hogs as they are 
not palatable in the raw state and in large amounts may cause scours. 
Pigs fed heavily on potatoes will not show the bloom or apparent finish 
of those fed on a more restricted allowance. Boiled ]>otatoe8 may be 
used to replace not more than 50 percent of the grain ration. From 
350 to 450 pounds of boiled potatoes are required to equal in feeding 
value 100 pounds of standard cereal grains. The importance of bal¬ 
ancing a potato ration with adequate protein and minerals must be 
stressed. A heavy potato ration may be fed to bred sows in the early 
stages of gestation, but as pregnancy advances it should be gradually 
reduced and entirely eliminated prior to and immediately after farrow¬ 
ing. 

Other root crops are of little importance in swine feeding in this 
country. These crops are succulent and probably are most valuable 
for brood sows and fall pigs durirtg the winter months when pasture 
crops are not available. They usually contain 80 to 90 percent of 
water and do not have much actual feeding value. ITnder favorable 
conditions it requires 5 to 10 pounds of roots to equal the feeding value 
of 1 pound of grain. Best results are obtained when the roots are cut 
in small pieces and fed raw. 

FEEDS THAT CAUSE SOFT PORK 

One of the most important factors in determining the quality of 
pork products is firmness (4^.9, 471). The products of soft and'oily 
carcasses frequently suffer a severe cut in price. While no reliable 
average figures are available, it is estimated that soft hogs may be 
docked 10 to 25 percent of the market price. 

There are a number of factors that nave an influence on firmness, 
the chief of which is feed. The quantity and characteristics of the fat 
in the various feeds greatly influence the firmness of the body fat of 
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the hog. Hogs fed on large amounts of feeds of plant origin that are 
liigh in oil usually produce soft carcasses. 

Feeds that produce soft pork can usually be grown cheaply. The 
hog producer should consider how he can use them to best advantage. 
When they are used for young growing pigs, a sufficiently long subse¬ 
quent period on feeds that produce a hardening effect on the carcass 
may improve the quality of the product enough to make it acceptable 
on the market. Generally speaking, it recpiires tliree to four times as 
much gain on hardening feeds as was profluced on the softening ration 
to make a satisfactory product. 

The feeds most commonly used that produce soft pork are peanuts, 
soybeans, and mast (acorns and nuts on which pigs graze in wooded 
areas). Mention has been made of rice bran and rice polish. Corn- 
germ meal is another mill byproduct that must be classed as a softening 
feed. 

Like soybeans, peanuts contain a much higher percentage of protein 
than the cereal grains. Because of their relatively high oil content 
together with a fair proportion of starches, they are both properly 
classed as fattening feeds. On a quantitative basis these feeds woidd 
not be expected to require additional protein or carbohydrate. Un¬ 
fortunately, exclusive feeding of either is marked by the production of 
soft pork and by only moderately good rates of growth, owing to the 
rather poor quality of the protein as well as deficiencies in minerals 
and vitamins. While [figs make good gains on peanuts alone, espe¬ 
cially when grazed, the addition of small amounts of animal protein such 
as tankage or fish meal fed in the dry lot has been found to increase 
the rate and economy of gains. The addition of a mineral mixture and 
of legume hay or meal as a source of carotene is also advisable, espe¬ 
cially in lengthy feeding periods. 

Soybeans, because of their widespread adaptability to different soils 
and climatic conditions, are a popular hog feed. They can be used to 
best advantage when they form part of the protein supplement rather 
than the basal part of the ration. Under ordinary comlitions when 
soybeans used in this way do not form more than 10 percent of the 
ration of pigs starting at iOO pounds weight, carcasses of good quality 
will be produced. I'he a.ddition of tankage to a soybean ration im¬ 
proves its quality. The soybean is low in calcium and phosphorus 
and a mineral mixture of these elements shoidd be fed with a soybean 
ration for best results. 

In some sections of the country, acorns, usually fed by mast grazing, 
assume considerable importance in feeding hogs and help to cheapen 
production. The poi’k produced is usually soft and of poor ouality. 
For best results hogs should be finished on a grain ration following 
mast feeding. 

BREWERY AND DISTILLERY BYPRODUCTS 

Wet brewers’ grains, a distillery byproduct, may be fed to fattening 
hogs when such concentrates as grain are supplied in adflition, but the 
feed is too watery to be used alone. Usually about 4 pouiwk of wet 
brewers^ grains are equivalent in feeding value to 1 pound of the dned. 
The composition and feeding value of wet brewers^ grains vary wid^y, 
depending on the kind of grain predominating; rye is of considerably 
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less value thnii corn. Because of their low nutritive value these feeds 
are uot economical unless the haul is short or unless they can be 
purchased at less than one-fourth the price of grain. 

Distillery slop may be tised m the ration for fattening ho^ or for 
brood sows if it is fed in addition to a liberal grain ration and supple¬ 
mented with such proteins as fish meal or tankage. From 1 to I'A 
gallons per 100 pounds live weight daily is con^dered a good allowance. 

PROTEIN FEEDS 

Protein feeds are necessary to maintain and build body tissue. 
Because hogs grow at a more rapid rate than other farm animals in 
relation to their weight, their feed requirements change rapidly. In 
a comparatively short time there is a change from the high protein 
requirement of growth to a lower protein requirement during the 
fattening period after growth has been attained. Because of the low 
protein content of farm-grown grains used in swine feeding, the 
protein supply in the ration needs to be considered carefully. 

The deficiency of grains in protein is corrected by adtling protein-rich 
feeds such as milk and milk byproducts, tankage, fish meal, or linseed, 
cottonseed, soybean, or alfalfa meal to the cereal part of the ration. 
Home-grown protein feeds are usually uot so abundant as carbohydrate 
feeds and it is often necessary to purchase them. Although they are 
liigher in price than carbohydrate feeds, tl>e cash outlay usually yields 
greater returns in increase<i rate of gain and better utilization of feed 
per unit of gain. 

Skim milk is a valuable protein supplement for hogs when fed in 
connection with e.orn or other fee<ls of like nature. It should be fed 
in limited quantities for the most economical returns. Soon after 
pigs are weaned, not more than 4 or 5 parts of skim milk to 1 part of 
corn should be fed, and the proportion of skim milk should be reduced 
to about 1 or 1}^ parts to 1 part of corn when the pigs weigh 151) 
pounds or more. Under these conditions, it can generally be figured 
that 100 pounds of skim milk is worth about half the price of a bushel 
of corn. The feeding value of buttermilk is similar to that of skim 
milk for pigs. Skim milk or buttermilk from cows that have not been 
tested aiul found to be fiee from tuberculosis should be pasteurizetl 
before being fed to pigs to prevent transmitting this disease. 

Whey from cheese factories when fed to hogs has been found to be 
worth about half as much |)er 100 pounds as skim milk, or about the 
piice of a peek of corn. Best residts are usually obtained when whey 
is fed as a protein supplement to a com or barley ration in combination 
with such feeds as linseed meal, cottonseed meal, or middlings. 

Digester tankages, a byproduct of the packing industry used in hog 
feeding, are usually classified according to the percentage of protein 
they contain, which may range from 35 percent in the lower grade 
to 60 in the higher. Tankage is a good protein supplement to any 
of the cereal grains in balancing the ration. It is also liigh m mineral 
content and helps to supply the mineral deficiencies of the cereal 
grains. The grade of tankage is determined on the basis of the econ¬ 
omy with wh|ch it furnishes a unit of protein. The fat in the tank¬ 
age should be figured as equal in value to an equivalent amount of corn. 

Fish meal is a byproduct of the fisheries industry. It is manu- 



PRACTICES IN SWINE FEEDING 


735 


factured on both the Atlantic and Pacific coasts and has a wide dis¬ 
tribution as a high-grade protein supplement in competition with 
tankage, hish meal came into prominence jis a protein supplement 
in this country about lp20. Its composition is somewhat similar to 
that of tankage hut it is in addition a source of vitamins A and 13. 
In summarizing a number of tests comlucted at vaj-ioiis State agricul¬ 
tural experiment stations comparing the value of fish meal with 
tankage as a protein supplement to the corn ration, Morrison {819) 
found fish meal to be superior for fattening hogs in dry lot. The 
difference was not so great for pigs on pastirre as for pigs in the dry 
lot. The method of manufacture of fish meal is a determirring factor 
hi its nutritive value, the vacuum-dried product generally having a 
higher nutritive value than the flame-dried product made from the 
sarne raw material. Price will no doubt be the main factor in deciding 
which of the kinds of fish meal to use. 

Shrimp meal, sometimes referred to as shrimp bran, is a good protein 
supplement produced in limited quantities. It consists of the dried 
heads and hulls of shrimp, a byproduct of the shrimp mdustry. The 
meal con tarns approximately 40 to 45 percent of protein. Experi- 
inents at the Louisiana Agricultural Experiment Station {149) show 
it to be equal or superior to tankage as a protein supplement, whether 
fed with or without other supplements. It is also cheaper in price per 
ton than tankage. 

Cottonseed meal, a byproduct of the cotton industry, is a cheap 
source of protein when fed in limitetl quantities. It is deficient in 
calcium and vitamin A, but experiments at the Texas Agricultural 
Experiment Station {458) indicate that it may be fed in amounts up 
to 9 percent of the ration with little danger. Like linseed meal it can 
be used to best advantage mixed with tankage oi’ fish meal. The 
ad<lition of good-ipiality ground alfalfa hay to a cottonseed-meal 
ration supplies calcium and vitamin A and improves the quality of the 
ration. 

Fifty pounds of tankage, shrimp bran, or fish meal, 25 pounds ol 
cottonseed meal, and 25 pounds of ground alfalfa hay make an efficient 
protein mixture. Good results are obtained when the grains and 
protein supplement are placed in separate compartments of a self- 
feeder and the hogs are allowed free access to the feeds at all tunes. 

Peanut meal, a byproduct of the pe»inut industry, is a good protein 
of plant origin. Because it is lacking in vitamms A and D and is low 
in calcium, these elements should be supplied iii the ration through 
other feeds. Good results have been obtained in fattening hogs on 
pasture when peanut meal has been fed in the proportion of approxi¬ 
mately 5 parts of corn and 1 part of peanut meal, supplemented with a 
good mineral mixture. For younger pigs it is advisable to combine 
peanut meal with tankage or fish meal to furnish protein of good 
quality. Wlien peanut meal makes up half of the protein supplement 
for pigs on a corn ration hi dry-lot feedhig, the gains are usually 
slower and less economical than when either soybean or cottonseed 
inGfi/l is used 

Soybean meal (oil extracted), containing 36 to 42 percent of digest¬ 
ible protein, is an excellent protein supplement to the usual grains 
for growing and fattening hogs. It may be used as the sole protein 



736 


YEARBOOK OF AGRICULTURE, 1939 


RU])plpment for ho^ woif?lnn^ 100 pounds or over, or it may be fed in 
combination with tankafye or fish meal. Soybean meal is low in 
calcium and phosphorus, and a mineral mixture containing both of 
these elements should he available to hogs at all times. If home¬ 
grown soybeans can be exchanged for soybean meal at or near the 
same price per ton it is well worth the trade because the latter can be 
used more extensiv('ly in the ration. ^ 

Alfalfa meal made by giinding alfalfa hay is fairly rich in protein 
aiul minerals and is a good source of vitamins A and D. On account 
of its bulk it should not be fed as the sole protein supplement to fatten¬ 
ing pigs, but it may be combined with other more concentrated pro¬ 
teins. Alfalfa-leaf meal has a higher protein and a lower crude- 
fiber content and is usually higher in price than alfalfa meal. In 
comparing the two from the standpoint of economy, the vitamin and 
mineral content should be considered in relation to the need of the 
hogs for these nutritive essentials. Alfalfa meal or ground alfalfa 
hay can be fed efliciently at a level of 5 or 10 percent of the total ration, 
or even 15 to 20 percent when the ration is balanced otherwise. As a 
honu'-grown protein su])])lement, the use of alfalfa meal may reduce 
the amount of high-priced ])rotein feeds that must be purchased. 

A number of suggested protein supplements composed of feeds of 
both animal and plant origin are shown in table 2. These supplements 
provide for the use of home-grown protein jjroducts, either wholly or 
in part. They may be f<<d in a definite proportion with the grain 
ration or mixed and fed in a self-feeder, giving the hogs free ehoice. 


"r^iiLK 2. Sugf^\st4*(l formulas for protein mixtures * 



Formuhi No. j 

i 

Taiikfigo 1 

1 

Tdnseod | 
mcHl 1 

I 

Alfalfa 

1 meal ] 

1 1 

Cottoii- 

j seed meal I 

* 

Soybean 
! meal 

1 

(iroumi 

soyl>cans 



PoandH 1 
5(1 

Pounds 

26 

Pounds 

26 

Pounds 

Pounds 

Pounds 

2 


.■iO 


25 

26 



3- . 




26 



50 

4 . 


25 


25 

50 



5 


25 


25 


50 


6 


:40 


35 

36 



7 


25 ! 


50 


26 



• Either fish inoiil or shrimp imuil may be substitute<l for tankage in the above mixtures. Skim milk or 
buttermilk may be use<j iiisteiKi of tankagi*. AVhen used as the only protein supideme.nt, 2 pounds of milk 
may be used to 1 i>ound of grain. 

SELECTING THE RATION 

Besides establishing fundamental faets about the nutritive require¬ 
ments of swine, ex])erimental work conducted by the agricultural 
experimetjt stations during the past 50 years has answered many 
practical questions about the selection of rations. 

Not all the f^ed eaten by the hog is digested or utilized. The 
proportion utilized varies partly according to the kind of feed. To 
get a high degree of utilization, it is necessary for the most part to 
depend on specific combinations of feeds. Because of this fact, 
tables of feed analyses with coefficients of digestibility, biological 
values of proteins, and other expressions of nutritive value lack the 
degree of exactness of figures for the nutritive value of a specific ration 
used undej specified conditions. 
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Results of experimental work indicate tliat as tlie percentage of 
liber in the ration lor futteiiing hogs is increased beyond a certain 
point, the rate of gain of the ]^ig tends to decrease, while the amount 
of feed required to produce a unit of gain increases. A ration for 
good growth and fattening usually does not contain over 5 percent 
of fiber, although as much as 7 or 8 percent is sometimes fed without 
materially affecting the rate of gain. 

The question of how much protein to feed is usually difficult to 
answer. Since proteins have varying biological values as building 
material for anmal tissues, it may be best to supply an excess in the 
ration if the price of protein feeds is not too high in relation to other 
feeds. Generally speaking, the ration for pigs weighing 36 to 100 
pomids should contain approximately 18 to 20 percent of protein; 
for hogs we^hing 100 to 150 pounds, approxhnately 16 percent; and 
for hogs weighing 160 to 226 pounds, approximately 12 percent. 

The choice of the feeds to be used in the ration wul depend on what 
is available locall^y and comparative costs. There is no certain 
method of determining the feeds that will give best results without a 
definite eomparison, which is not always practicable. Usually the 
feed that costs least per unit of protein is the one to use. For exam¬ 
ple, if 100 pounds of 60-percent-protein tankage costs $3 and 100 
pounds of soybean meal containii^ 40 percent of protein costs $1.75, 
then a unit of protein in tankage would cost $3 divided by 60, or 5 
cents a pound, while a unit of protein m soybean meal would cost 
$1.75 divided by 40, or 4.38 cents a i)ound. In this case the unit of 
protein is cheaper in soybean meal without regard to digestibility or 
biological value. These two factors vary with different combinations 
of feeds fed under different conditions. For example, the Wisconsin 
Agricultural Experiment Station found that the trmity mixture, 
composed of 60 parts of tankage, 26 parts of linseed meal, and 25 
pai’ts of alfalfa meal, by weight, when fed under certain conditions 
produced more economical gains than tankage fed as a sole supplement. 

The need for minerals and vitamins can usually be met in a well- 
balanced ration through a judicious use of protem feeds and forage 
without recourse to special supplements. The cereal graim arc low 
in minerals and contain less calcium than is needed for rapid growth. 
Protein supplements such as tankage, fish meal, and skim milk arc 
relatively high in calcium and ordmarily fmnish enough of this ele¬ 
ment. Phosphorus is usually found in adequate amounte in grains 
and protein supplements. Pastures hkewise furnish minerals and 
vitamins to help correct the deficiencies of those elements lacking in 
the grain ration. When hogs are fed hi dry lot there is more likefi- 
hood of a shortage of minerals and vitamins. In this case a mineral 
mixture may be kept available in small boxes or self-feeders to which 
the hogs have access at all times, or minerals may be fed in the grain 
ration at the rate of 1 pound of mineral mixture to each 100 pounds 
of feed mixture. The vitamins present in green pasture, legume hays, 
and yellow corn are generally considered sufficient to meet the require¬ 
ments. . . . T 

The tables in the article Composition of the Principal heedstuffs 
Used for Livestock (p. 1065) should be consulted for data on general 
composition, including calcium and phosphorus, and lor the digestible 

J4I304"—:i»-tS 
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nutrients of the more common hog feeds as an aid in the selection of 
the more unusual feed comhinations for compounding rations. 

METHODS OF FEEDING 

A numher of (lifferent methods ma;y be used in feeding hogs, includ¬ 
ing hand feeding, self-feeding, limited feeding, and hogging-down 
crops. It is not possible to say that any one system is the most 
practical under all conditions. In fact, the hog feeder may employ 
two or more methods. A brief description of the various methods 
vyill he given, but it will be for the individual to decide which best 
fits into his production program. 

Years ago the hand-feeding system was used almost exclusively 
except as pigs were permitted to graze in the woods and fields. The 



Hgftre 2. Suckling pigs with access to a self-feeder containing supplementary feeds. 


results obtained by this method depend largely on the ability of the 
feeder to determine the amount to feed. Regularity is important, as 
the pigs become accustomed to the time of feeding—usually twice 
daily, morning and evening, although some feeders may give a noon¬ 
day meal—and any great variation may tend to upset the digestive 
system. The feed is usually dry or in slop form and is mixed in definite 
proportions so that the hog has no choice, but must accept the 
mixture as a whole. 

Since about 1920, self-feeding has come into prominence as an 
economical method. The hog is one animal that will not overeat 
when given unlimited access to large quantities of feed. The results 
of many experiments comparing hand feeding with self-feeding for 
growing and fattening hogs generally favor the latter method. Various 
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aspects of rationing by the self-fee<ler method have been discussed by 
Evvard {351). Different feeds are generally placed in separate com¬ 
partments of the feeder and the pig is allowed to balance its own 
ration (fig. 2). Generally speaking, the pig selects different feeds in 
the proportions that meet its needs for growth and development. 
The efficacy of the system is discussed in the article Nutritive Require¬ 
ments of Swuie in connection with the daily intake of total feed and 
protein by record-of-performance pigs (j). 714). Self-fed pigs eat 
smaller amoimts at a time but eat many times during each 24 hours. 
The fact that they eat smaller amounts at a feeding may lead to less 
waste in the assimilation of food and account for the more economical 
use of feed. A self-fed pig also seems to be more satisfied, seldom 
grunting or squealing, whereas the pig that is hand fed is usually 
squealing for feed at various intervals between feedings. Aside 
from the fact that self-fed pigs usually gain rapidly, the saving in 
labor under this system is a point especially in its favor. 

If it is desired to feed a certain combination of grain and protein 
supplements, the feeds may be mixed in definite proportions and the 
dry feed placed in the self-feeder wdiere the hog will have an oppor- 
tiinity to eat the aniount it desires at any time. Though many 
combinations of feeds may be used, a few are suggested in table 3 
for different classes of hogs, fed by either the hand-feeding or the 
self-feeding method, on a full grain allowance. 


Table 3. Su^^Ksted combinations for various classes of hogs 


(’’Uiss of hogs 


Cl rowing—weaning to 
100 pounds (dry lot) 


(.3rowing—weaning to 
100 pounds (on pas¬ 
ture) .. 


Fattening hogs over 
100 pounds (dry lot) 


Fattening hogs over 
100 pounds (on pas¬ 
ture),.-. 


Broofl sows and boars 


Corn 


Lb^s. 

80 


55 


47 


85 


Bar¬ 

ley 


Wheat 


Lbs, 

85 


50 


20 


62 


Oats 


Uye 


Icirun ^*’*°*^’ i i Lin- Al- , I Sov- 

soV- Jeoll beans 2 

fish I seed 2 Dcans 




Lbs. i Lbs. 


90 


25 


20 

'25 


Lbs, ' Lbs. 


20 

’25' 


20 


25 


90 


25 


m 


45 


30 


25 


30 


82 


f.bs. ' Lbs. 

JO I. 

5 i 5 

4 I 2 

5 I. 

7 ■ 


Lbs. 

5 


Sb 


Lbs. ' Lbs. 

5 !_ 

5 _ 

2 _ 

5 _ 

5 8 

5 . 


i Lbs. 


1 ) 


fi ... 

V 

4 ’ 


10 


> Shrimp meal may be substituted tor tankage or of*skiin milk or buttermilk 

milk may be substituted for tankage or fish meal. Approximately n pounu. oi 

'""ni1Ji“^®mS^rs^ytanfof^^^ meal may boused interchangeably. 
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Figure 3 .—Pigs hogging d<wn corn and soybeans. 'ITiis method of feeding saves 
labor and distributes fertility over the land. 


Limited feeding, in which less than a full daily ration is fed, may be 
employed when the seasonal feed supply is limited iintil a new crop 
is available. Pigs may also be limited in feed when it is desirable to 
hold them for a certain market. In the case of feeder pigs, the lim¬ 
iting of grain on pasture leads to a greater utilization of forage crops 
and aids in economical production. 

Experiments were conducted by the Department on the effect of 
limiting the feed allowance to approximately three-quarters and one- 
half of full feed to pigs starting at 65 pounds in weight and fed to a 
weight of 200 pounds. The quantity of feed required to produce a 
unit of gain was generally smaller than on full feeding, although the 
rate of gain was slower. Pigs on limited feed have less opportunity 
to store fat, and the meat tends to have a higher proportion of lean 
than that of full-fed pigs. From the practical standpoint the feeder 
must decide whether the increased labor necessary under tliis system 
might more than offset the saving of feed. Better results are usually 
obtained when the pig is well grown to a weight of approximately 
65 to 75 pounds before the period of restricted feeding begins. 

The method of hogging down crops is practiced qmte generally in 
many sections. Com is the principal crop used and the hogs are 
usually turned into the field when the com is in the dent stage. This 
method saves the labor of harvesting the crop and also has the advan¬ 
tage of scattering the manure over the land (fig. 3). Hogs should not 
be given too large an area to work over at a time or there may be an 
excessive waste of grain. A self-feeder containing a protein supple¬ 
ment may be placed in the field, or the supplement may be hand-fed 
daily to help balance the ration. Usually a short penod of feeding 
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in dry lot is required to finish the hogs before they are marketed. 
The practice of hogging down small grains is not generally followed, 
although such crops as rye, barley, and oats are sometimes harvested 
in this manner. There is usually a larger waste because of the small 
size of the seeds. Supplemental protein and mineral feeds should he 
given when small grains are hogged down. Jn the South, peanuts, 
sweetpotatoes, and other root and tuber crops are frequently har¬ 
vested by hogging down. 

PASTURES 

Pasture crops are important in the economical production of hogs, 
'riiey not only reduce the cost of needed protein, minerals, and vita¬ 
mins but are a big factor in controlling parasitic infestation if a 
system of pasture-lot rotation is used. Pigs cannot he grown and 
fattened economically on forage crops alone, hut these crops are an 
important adjunct to a good grain ration (fig. 4). The saving in the 
number of pounds of grain required to produce 100 pounds of gain 
when pigs are on pasture varies considerably. It is estimated that 
on the average good-quality pasture saves approxunately 15 percent 
of the grain concentrate per unit of gain and speeds up the rate of 
gain in compai’ison with hogs fcid in dry lot. 

Permanent pastures do not give the most economical returns unless 
th(*y are supplemented by ternporaiy pastures. A combination of the 
two is a valuable asset. When properly planned they can supplement 
each other and furnish good-quality grazing at practically all seasons 
of the year. 

The plants used Juost e.xtensiv'ely for permajient hog pastures are 
alfalfa, red clover, alsike, white clover, hluegrass, orchard grass. 



Fiffire 4.—Pigs oa pasture being fed a liiuiled suppleiuenta'-y grain ration 
on a feeding platform. 
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lespedeza, and carpet grass. The most common temporary-pasture 
plants are rape, rye, oats, wheat, soybeans, cowpeas, and field peas. 
Seeding for temporary pastures should be timed to funiish grazing for 
short intervals when permanent pastures are in a dormant or resting 
state. When given a period of rest after close grazing, temporary 
pastures may make sufficient regrowtb to furnish a second grazing 
period before the field is plowed for the nex^ crop. The rate of seeding 
for temporary pastures is usually much heavier than for a grain crop. 

Legume crops such as alfalfa, the clovers, and rape usually yield 
the greatest returns in pork production. As a general rule pigs grazed 
on a good legume pasture when oti full feed require approximately 
half as much concentrated protein supijlement as pigs in dry lot. If 
the amount of grain on pasture is limited, the pigs will consume a 
greater quantity of forage and possibly require oiU^ 30 to 40 percent 
as much concentrated protein supplement as hogs m dry lot. As the 
hog grows it will be able to consume greater amounts of. forage, thus 
progessively decreasing the amount of protein supplements needed. 

Smce there are so many different factors to consider in plaiming a 
pasture crop-rotation system for hogs it is best to consult the State 
agricultural experiment station as to the pasture crops best adapted 
to a particular region, the time and rate of seeding, and the stage of 
growth at which the crop should be pastured. 

FEEDING FOR SPECIAL CONDITIONS 

SUCKLING PIGS 

The suckling pig during the fiist 2 or 3 weeks obtains all its nutrients 
from the mother’s milk. When the pig is approximately 3 weeks of 
age it will begin to take additional feed. Feeds of a protein nature 
such as skim milk or tankage, if made available in a creep, will give 
the needed stimulus to faster growth and protiuce a larger pig at 
weaning time. 

GROWING AND FATTENING PIGS 

It may be more profitable at times and under certain conditions to 
limit the feed of growing pigs to prevent fattening before the fattening 
period begins. When full feedmg is practiced, pigs should be fed 
liberally on a well-balanced ration. Following weaning, the young pig 
should receive a ration that supplies a large amount of protein. 
Protein needs cannot be met by any other nutrient, and if sufficient 
protein is not present in the ration, the needs will be supplied from the 
tissues of the body and growth will be retarded. The pig is able to 
retain and build into muscle tissue a large part of the protein taken 
from the feed. As it grows older the percentage of protein stored in 
the body decreases. After growth has stopped and the muscles and 
organs have reached their full development, little protein is stored. 
It IS important, therefore, that the ration of the young growing animal 
furnish the proper nutrients to utilize to the fullest extent this early 
efficiency in transforming food into body tissue. Pasture and forage 
crops play an important part in producing cheap gains on growing 
pigs. 

After the pig attains its growth, the demands for fat production, 
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which are supplied largely by carbohydrates, are most important. 
Concentrates must be supj)liod, since the hogs cannot consume enough 
pasture or cured forage to fatten them. Fattening pigs on full feed 
require approximately 5 pounds of feed daily per 100 pounds of live 
weight up to 100 pounds in weight. Prom 100 pounds to a finished 
we^ht of 225 pounds, pigs on full feed rcquiio about 4 pounds of feed 
daily for each 100 pounds of live weight. On the average about 400 
pounds of feed are required to produce 100 pounds of gain from wean¬ 
ing age to approximately 200 pounds weight. About 360 pounds of 
this is corn and 40 pounds tankage, fish meal, or the equivalent. On 
this basis, pigs weighing 35 iioumls at weaning and gaining 165 pounds 
would require 594 pounds of corn and 66 pounds of protein supplement, 
or a total of 660 pounds of feed from weaning to a market weight of 
200 pounds. An additional 100 pounds of feed per pig raised should 
be added to feed the sow and litter during the suckling period. 

Hogs fattened in dry lot require a protein supplement for most 
efficient results. When hogs are fattened with access to a good pas¬ 
ture, the addition of a protein supplement increases the rate and econ- 
oinv of gains. 

THE BREEDING HERD 

Pigs that are to be developed for the breeding herd should be fed 
to get the maximum giowth and development without becoming too 
fat. Both gilts and boar pigs should bi*. fed a ration in wliich protein 
makes up at least 12 to 14 percent of the total feed in order to make 
the maximum development. The pigs should have access to good 
pasture in summer and to good-quality alfalfa hay or alfalfa meal in 
winter. Pigs on good pasture may be fed approximately a 3-percent 
grain ration (3 pounds of feed per 100 pounds live weight daily). 
Gilts of large type may even be self-fed with the fattening hogs until 
they reach a weight of appro.ximately 200 pounds without becoming 
too fat for breeding. 

The protein requirements of the boar may be consideied the same 
as those of the sow of equal weight. The young growing boar during 
the period between breeding seasons needs protein for growth in ad¬ 
dition to the requirements for maintenatice. Just prior to and during 
the breeding season the protein part of the ration should be increased 
to provide for the ineniused activity during this ])criod. 

THE GESTATION PERIOD 

The protein, vitamin, and mineral requirements for normal repro¬ 
duction may be met cheaply if the sows are given access to fall wheat 
or rye pasture or any other kind of green pasttire plus a mineral sup¬ 
plement. When green pasture is not available a rack supplied with 
green, leafy legume hay, such as alfalfa, soybean, or cowpea hay, will 
provide proteins, minerals, and vitamins of desirable quality. 

Gilts are usually bred at 8 to 8}^ months of age to farrow their first 
litter when 1 year old. During the gestation period, the gilt will 
usually make better use of her feed than at other times. A gilt carry¬ 
ing her first litter should be furnished with sufficient protein to meet 
the needs of maintenance and growth in addition to the needs of the 
growing embryos. For this reason gilts should rec'^ive a little more 
protein daily than old sows. The gilt ration should contain at least 
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12 to 15 percent of protein of good Quality, including a protein of ani¬ 
mal origin. A protein reserve should also be built up in the body to 
provide for the demands of the lactation period when the production 
of milk for the litter often requires more protein than the sow is able 
to digest from her daily ration. 

The ration for the mature sow during the gestation period should 
contain at least 10 to 12 percent of jirotein to meet the needs for main¬ 
tenance and body repair, the development of the growing embryos, and 
the lactation period. Since old sows need no protein for growth, they 
can be fed a larger amount of carbohydrate feeds, which in general are 
cheaper than the protein supplements. 

A ration that contains corn, protein supplement, and a mineral 
mixture is suggested for the gestation period. The protein supplement 
may consist of 50 parts of tankage, 25 parts of linseed meal, and 25 
parts of alfalfa-leaf meal. To 100 pounds of this mixture may be 
added 5 pounds of a mineral mixture composed of equal parts of ground 
limestone, steamed honemeal, and common salt. A sow should be 
fed to gain pounds a day <luring the gestation period, depend¬ 

ing on her condition when bred. Gilts may be fed a ration composed 
of 7 parts of corn and 1 part of protein and mineral supplement, while 
old sows may be fed a ration of 8 parts of corn and 1 part of protein 
and mineral supplement. These mixtures may be fed at the rate of 
1}^ to 2 pounds (laily per 100 pounds live weight, depending upon the 
condition of the sow. In addition sows should have access to good- 
quality legume hay in a rack if pasture is not available. 

SOWS SUCKLING LITTERS 

Sows suckling their litters need a liberal ration containing feeds 
rich in protein and minerals. If possible they should also have access 
to goocl pasture. If this is not available, the ration may contain' 5 to 
10 percent of good-quality alfalfa hay. Feeds that will furnish a 
heavy milk flow are desirable so the pigs will get a good start in life. 
At no time do pigs make as economical gains as when they suckle their 
dams. A sow on full feed following farrowing will need 3 to 5 pounds 
of feed daily per 100 pounds live weight, depending on the number of 
pigs in the litter. 

PRESENT-DAY PROBLEMS IN SWINE FEEDING 

Experiments in the past developed new methods of feeding, the 
use of new feeds, and efficient combinations of different feeds to pro¬ 
duce economical returns, but present knowledge is limited on many 
problems of swine feeding. The chemistry of proteins is a field of 
research that has great possibilities. Information on the amounts 
of different amino acids in various feeds is fragmentary. More knowl¬ 
edge in this field may lead to entirely different feed combinations or 
levels of feeding from those used today. 

Research in the field of mineral metabolism offers possibilities for 
refinement of present knowledge. Though past work has thrown 
much li^ht on the part played by calcium, phosphorus, copper, iron, 
and iodine in metabolism, little is known of the interaction of such 
elements as magnesium, manganese, cobalt, and zinc. 

Although studies on certain vitamins are well advanced in the case 
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of small la,boratory animals, and to a lesser extent with human beings, 
their application to the hog is not so far advanced. However, within 
a comparatively short period pure chemical compounds of a number 
of vitamins, including riboflavin, nicotinic a<dd, thiamin, and ascorbic 
acid, have become available. This simplifies vitamin research by 
aiding in making up synthetic diets in which the effect of the presem-e 
or absence of a single nutrient can be determined. 

The relation of nutrition to fertility and the size and vigor of the 
litter is a field that deserves special attention. Wliat are the factors 
that affect milk secretion and influence the quality and quantity of 
milk from the standpoint of the growth and develoyimcnt of the young 
suckling pig? Although this problem has received much attention 
in the case of dairy cows, little is known about it in relation to the pig. 

_ Investigation of the nutritive value of different pasture grasses ni 
different stages of growth and the extent to which they may be used 
in developing the most efficient type of ration offers opportunity for 
improvement in swine feeding. 



FEEDING PROBLEMS WITH SHEEP 


by Damon A. Spencer' 


THOUGH this article deals briefly with some of the nutritive require- 

V 

iiients of sheep, in the main the author is concerned with practical feeding, 
lie tells about the fattening of lambs, hothouse lamb produetion, "flushing” 
ewes, feeding the farm flock, feeding on the range, poisonous plants—and 
finally, the relation of nutritional research to the problems of the sheep¬ 
man. 


Sheep are naturally adapted to grazing on pastures and ranges that 
supply a variety of foraigo plants (lig. 1, A and /f, fig. 2, .4). They 
do best on forage that is short ami fine rather than high and coarse 
740).'‘‘ They will eat considerable (piantitics of brush, but they 
prefer chiefly choice grass and legumes and lush, palatable weeds (£££). 
It is seldom profitable to feed grain to breeding sheep or even to suck¬ 
ling lambs when they can have an abundance of succulent grazing 
forage (7ol). In some environments flocks can be kept in gooil 
thrifty condition and lambs can be raised to the marketing stage 
without the feeding of any grain (474)- One hundred pounds of grain 
in a year for one ewe and her lambs is the ma.xirnum ipiantity that is 
likely to be profitable. 

Deep snows, extreme droughts, ovei-stocked pastures and ranges, and 
other conditions that adversely affect grazing make it necessary to 
feed sheep from the stack, mow, and bin. Sheep are fond of good 
roughage and they are able to make good use of it. They can obtain 
most of their needs for protein, calcium, and vitamins, especially vita¬ 
mins A and D, from an abundance of well-cured legume hay (819). 
Good legume roughage provides ample nutrients for breeding ewes 
during the winter up to about a month before lambing time. From 
that time until pasture is abundant extra nutrients should be provided 
in the form of concentrates, such as a mixture of equal parts by weight 
of oats, corn, and bran, together with about 10 percent by weight of 
cottonseed or linseed meal. The rapid growth of the unborn lambs 
during the last month of pregnancy may justify a daily allowance of 

^ Dainoo A. Spenoor is Senior Animal Husban<lman, Bureau of Animal Industry. 

> Italic numbers iu parentheses refer to Literature Cited, p. 1075. 

746 




feeding problems with sheep 


747 



Hgure L — A, Sheep grazing on the high summer ranges of the Targhee National 
rorest, west of Yellowstone Park, in Idaho. J3, A band of sheep at sundown on the 
spring-fall sagebrush range of the United Stales Sheep Experiment Station, Idaho. 
The camp wagon is the sheep herder’s home. 
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oiio-foiirth to one-half pound of this or a similar mixture of concen¬ 
trates for each ewe until lambing and a gradual increase after lambing 
up to three-fourths of a pound or possibly 1 pound a day until pas¬ 
ture is abundant. The nutritive requirements of ewes nursing lambs 
are, in principle, like those of dairy cows in milk (838). The ewes 
need much more protein and digestible nutrients than before lambing. 

Since wool fibers are composed of j)rotein, sheep need feeds that 
contain a liberal supply of tliis nutrient to protluce a good wool crop. 
Wool IS rich in the sulfur-containing amino »icid cystine, but there 
appeal's to be sullicient cystine in ordinary rations that'are otherwise 
satisfactory for sheep (819). 

In some sheep-producing regions farmers and ranchmen have diffi¬ 
culty in growing adequate supplies of legume hays such as alfalfa, 
clover, or soybeans, ami they are compelled to feed timothy or native 
grass hay, straw, or corn stover. These nonleguminous roughages may 
be supplemented with such protein-rich concentrates as linseed meal, 
cottonseed meal, soybean-on meal, or soybeans at the rate of about 
one-quarter to one-half pound per ewe per day. Timothy hay cut in 
the early stage of maturity or before full bloom is much more satis¬ 
factory for sheep than when it is cut fully ripe (90, 91). 

Sheep are particularly fond of salt and consume considerably more 
per 100 pounds of live weight than do cattle. Breeding sheep may 
consume nearly one-half ounce per head tlaily and fattening lambs 
from one-fifth to oiie-fourth ounce. When sheep are accustomed to 
salt it is best to lot them have access to it in suitable containers so 
that they may take as much as they desire (198). On western ranges 
in areas where there is consiilcrable alkali, sheep are allowed no salt 
other than that which they get in the alkali. This seems to be safe 
in cases where the alkali contains at least 85 percent of salt. 

Calcium supplements must be fed to sheep when their roughage 
consists only of nonleguminous plants grown on soils low in calcium. 
They may be fed about one-quarter ounce or more per head daily 
of ground limestone or some other calcium supplement in the form of 
a mixture of two parts calcium supplement to one part common 
salt by weight (382). If the roughage, on the dry basis, is at least a 
third good legume hay or other legume forage, this third should 
supply plenty of calcium. If there appeai-s to oe need for a supple¬ 
ment containing phosphorus, this may ordinarily be fed in the form 
of a mixture of 2 parts of bonemeal to 1 part of common salt by 
weight. In the feed lots, however, phosphorus is less apt to be lacking 
in the usual sheep rations than is calcium (819). 

Iodine may have to be fed to ewes in districts where there is trouble 
with goiter in newborn lambs ( 88 , 364 )- In such cases the ewes 
should bo fed iodized salt at least during the last half of pregnancy. 
An allowance of one-twentieth of a grain of potassium iodide per head 
daily is enough to prevent goiter. It is safest not to allow more as 
too large doses may be injurious. Experimental evidence indicates 
that other minerals, including iron, copper, sulfur, cohalt, and potash 
salts, need not be added to the usual rations for sheep (223). In 
some areas not yet important for sheep raising there may be a de¬ 
ficiency of one or more of these minerals in the forage plants great 
enough to interfere with the normal development of sheep. 
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The most recent experimental findings on vitamin requirements of 
sheep indicate that vitamin A is the only one that is likely to be lack- 
ing in the usual sheep feeds, and this deficiency is generally found in 
such roi^hage as cereal straw, poor-quality hay, or cottonseed hulls. 

vitamin A, or rather carotene, 
and if such good hay makes up a substantial part of the ration there 
should be sufficient vitamin A for sheep (498). 

The requirement of sheep for vitamin A is about the same per unit 
of body weight as that of other farm animals, hixperimentaf results 
with the usual feeding practices, however, indicate that it is necessary 
to feed sheep winter roughag(‘ of better quality than that sometimes 
used for breeding cows. This may be due to the fact that sheep have 
lower reserves of vitamin A than cows when they go into the winter 
feed lots (87). 

Under ordinary conditions it is essential to furnish sheep with 
plenty of fresh water (271). On dry feed ewes drink from 1 to IK 
gallons a day and fattening lambs slightly more than 1 quart up to 2 
quarts a day. When succulent feeds are provided, sheep drink less 
than when they arc on strictly dry feeds, and when the weather is 
hot they drink moie than when it is cool or cold. During late fall, 
winter, and early spring range sheep often derive their principal water 
intake from snow. 

THE FATTENING OF LAMBS 

All lamb producers in regions that provide pastures and ranges 
yielding the abundance of succulent, nutritious forage essential for 
early fattening (560) desire to produce' milk-fat lambs—that is, lambs 
that are sufficiently finished to be slaughtered at weaning time. Many 
lambs, however, are raised on pastures and ranges that are not aile- 
quate for finishing at the weaning age of 4 to 6 months, and even on 
the best forage some mutton-type lambs and a large proportion of tin' 
lambs of the fine-wool type cannot be finished by weaning time. For 
these reasons a rather large proiiortioii of the lamb crop of the United 
States must be fattened to a slaughter finish after weaning (fig. 2, B). 
The nutiitive requirements of tbeso feeder lambs are therefore an 
important problem in the sheep-feeding enterprise. 

Corn is the grain most used in the United States as the chief fatten¬ 
ing concentrate for lambs, but in some regions barley or sorghum 
grain is more readily available and is fed in the place of corn. Oats 
have been successfully siibstituteil lor i;orn in lainb-lattening rations 
(631). When available at reasonable prices, corn and alfalfa hay are 
preferred by most lamb feeders as the basal lamb-fattening ration 
(968). The primary needs are a fat-producing concentrate rich in 
carbohydrate and a roughage, such as legume hay, relatively rich in 

protein (1063). ... ui ^ 

When silage, especially corn silage, is available at reasonable c<^t, 
it may be economical to include it in the larnb-fattcning ration tog^her 
with a protein-rich meal such as cottonseed or linseed (613). ouch 
a ration may consist of 7 parts of corn by weight and 1 part of cotton¬ 
seed meal, plus com silage and clover ha,y (473). If lambs on full feed 
are fed twice a day as much of the mixture of corn and cottonsee 
meal as they will clean up by the time they leave the trough, as much 
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Figure 2.—A, A farm flock on pasture in Virginia; B, lambs in a Colorado feed lol, at 
grain troughs on the left and at hay racks in other parts of the lot. 
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of tlic corn silage as they can clean up in about an hour, and as much 
hay as they will consume by the next feeding time, the daily allow- 
ance per head will be approximately pounds eacli of concentrates, 
silage, and hay, or a total of about 4 pounds of feed a day (631 ). Such 
a ration would approximate the requirements of normal lambs enter¬ 
ing the feed lot at an initial average body weight of about 60 to 06 
pounds and finishing in about 80 to 90 days at average final live* 
weights of 90 to 95 pounds at the feed lot (768] 1196). 

Such carbohydrate-rich concentrates as wheat, rye, or beet pulp 
may be fed as partial substitutes for the more usual corn, barley, oats, 
or sorghum grains (594, 734). The prices of these various fattening 
feeds would have to be considered in determining whether it would 
be economical to feed them (790). Corn is regarded as the most efli- 
cient feed for fattening lambs, but normally the other carbohydrate- 
rich feeds mentioned are at least 80 to 90 perc.ent as efficient as corn 
when calculated on the basis of dry-matter content. 

Fattening lambs can utilize, silage made from plants other than 
corn—for example, silage made from sorghum, peas and oats, pea 
vines, and corn and soybeans. Plants should be cut when they are 
not too green and immature if they are to make the best silage for 
lambs. This is especially true of sorghum. Other succulent feeds 
suitable for fattening lambs are turnips, mangels, rutabagas, wot beet 
pulp, beet tops, cabbage, and cull potatoes, but these contain more 
water and loss solids than the silages mentioned (819). 

FEEDING FOR HOTHOUSE LAMB PRODUCTION 

Hothouse lambs are born^in the fall or early winter and finished 
for slaughter as suckling lamhs at the age of about 2 to 4 months at 
live weights of 40 to GO [)ounds, or even less than 40 pounds if they are 
well finished. The term “hothouse” is used because such lambs are 
produced during an unusual season of the year, though not necessarily 
in quarters heated by a stove or furnace. If lambs are to be finished 
at such early ages and light weights, they must have the inherent 
capacity to develop and fatten rapidly, and their feeds and the feeds 
for their mothers must be of excellent quality. Hothouse lambs that 
measure up to the exacting recpiirements of the enterprise are often 
the olfspring of Southdown rams and Domet or Dorset-Merino ewes. 

The mothers of hothouse lambs require choice legume hay and grain, 
and it usually pays to include a succulent feed in their rations so that 
they may proiluco plenty of milk. A good combination of feeds for 
such ewes is a concentrate mixture of 5 parts corn, 2 parts oats, 2 parts 
wheat bran, and 1 part linseed meal by weight, plus corn silage and 
well-cured, second-cutting alfalfa hay or similar feeds. The daily 
allowance per ewe varies, but when the lambs arc 1 or 2 weeks old the 
ewes nursing them should be able to use to advantage about 1 to 
pounds of the concentrate mixture, 2 to 3 pounds of corn silage, and 
2 to 3 pounds of alfalfa hay a day per head. They should be given as 
much concentrate as they will clean up before they leave the trough, 
as much silage as they will clean up in about an hour, and as much 
hay as they will clean up by the next feeding time. 

Hothouse lambs should be fed in a creep ( 216 ) as soon as they wnll 
nibble at grain and roughage, which they will normally begin to do 
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when they are about 2 weeks old. In order to get them to consume 
maximum quantities, only the very choicest feed should be offered 
and there should be nothing but fresh feed in the troughs and racks. 
The corn for the young lambs should be cracked and the oats crushed. 
Otherwise the concentrate mixture may be the same as that for the 
mother; that is, 5 parts cracked com, 2 parts crushed oats, 2 parts 
wheat bran, and 1 part linseed meal, by weight. The alfalfa hay 
should be as leafy, bright, and excellent as possible and the silage the 
best available and free from, any mold. The quantity of the feed 
consumed by the lambs will naturally increase as they become older. 
It is safe, however, to let them have as much as they will clean up 
each day. Any feed left over at the end of the day should be removed 
from the troughs and racks and fed to the older sheep. 

“FLUSHING" EWES TO INCREASE LAMB YIELDS 

The practice of extra feeding at breeding time to increase the num¬ 
ber of twins produced by ewes is called flushing. Tliis has proved to 
be profitable in the case of ewes, and of lambs through the suckling 
period, in regions that provide plenty of nutritious and succulent feed 
at reasonable cost. Good, nutritious pasture, when it is free from 
excess moisture which would cause it to be “washy,” has been found 
effective and normally the most economical source of feed for flushing 
ewes. In case an abuiuiance of such pasture is not available, however, 
corn, oats, wheat bran, and other grains may be used {732). Effective 
flushing has resulted from feeding about o» e-half to three-fourths of 
a pound of grain per ewe daily along with rather sparse forage of 
ordinary quality. Experiments by the Bureau of Animal Industi“y 
show that to flush ewes successfully they must be sufficiently well fed to 
gain at a rate of at least I pound a week per ewe during the breeding 
season {750). 


FEEDING SHEEP IN FARM FLDCKS 

In the eastern half of the United States and in the irrigated valleys 
and dry-land farming communities of the West, sheep are kept in 
small or moderate-sized flocks of about 20 to 100 head, or in some 
instances as many as 200 to 300. Most farm flocks are maintained 
under conditions that make it economical and practical for the breed¬ 
ing sheep to glean much of their feed from stubble and stalk fields in 
the fall before rains injure the feeding value of the gleanings. Nor¬ 
mally, after these feeds have been used, clover and grass pastures are 
grazed. In regions where winters are open a heavy stand of well- 
cured bluegrasg will help considerably to carry the flock through the 
winter in good condition. Green pastures of rye or wheat in late fall 
will provide succulent feed and furnish exercise for the flock. In the 
South, velvetbeans will be found a great help in carrying the flock into 
January {761). 

In winter the feeding of the farm flock should be such as will produce 
vigorous lambs and keep the wool strong and in good condition. 
Leguminous hays, straws, and cornstalks usually form the main part 
of economical winter rations. Clover, alfalfa, soybean, or cowpea 
hay, if of good quality, may be used as the sole feed until near lamb- 
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in^ time, from 4 to 5 pounds per ewe dally being sufficient for ewes 
weighing less tlian 150 pounds (^88). Oat and wheat straw are better 
than rye or barley straw. Cornstalks placed where the sheep can 
eat off the leaves may be used as a part of the roughage ration. If the 
ration is made up largely of cornstalks or straw a protein concentrate 
should also be used. Tunothy hay is not a good sheep feed unless it 
is cut when immature or just as it is beginning to bloom (89). As 
timothy hay is more easily grown than legume hays in much of the 
farm-flock territory many farm sheep are fed timothy either alone or 
imxed with clover hay. For this reason it is worth while to empha¬ 
size the importance of cutting timothy when immature if it is intended 
for sheep. 

Succulent feeds such as silage or roots are desirable to keep ewes in 
good health, but they should he fed with some hay. When corn sil¬ 
age is fed to sheep it slmuld be from well-matured corn, and great care 
should be exercised to avoid spoiled, frozen, or moldy silage. It is 
not advisable to feed ewes more than 3 pounds of silage per head 
daily. Turnips should be used sparingly for ewes until after lamb¬ 
ing (931). 

Each of the following rations contains approximately the quantity 
of the various nutrients required daily for pregnant ewes weighing 
from 110 to 140 pounds when in the dry lot: 


( 1 ) 


(3) 


3 pounds alfalfa or soybean hay 

2 pounds corn silage 
pound shelled corn 

( 2 ) 

3 pounds alfalfa hay 

2 pounds corn stover (edi})le portion) 


3)4 pounds alfalfa or clover hay 
2 pounds corn silage 

(4) 

2 pounds oat straw 
2 pounds corn silage 
% pound shelled corn 
Yi pound linseed meal 


• 

Where ewes can run on wheat or rye pasture during the winter 
they should also I’oceive some dry or concentrated feed. Silage or 
roots are not desirable when the forage of the pasture is soft or green 
(90, 91). One-half pound of cottonseed meal contains the daily 
requirement of protein for a pregnant ewe. When price su^ests the 
heavy use of this concentrate, the other feeds of the ration should be 
rich m carbohydrates. It is best to limit the quantity of cottonseed 
meal to one»4ourth pound per head daily, with a good selection of 
other feeds (238). 

During late spring, summer, and early fall, farm sheep in most 
regions can obtam most of their feed requirements from good pasture 
(308). In the absence of good pasture it may be necessary to feed 
thein as suggested for the winter period. The quantity of feed 
should be increased for ewes nursing lambs. 

Rams may be fed the same kinds of feed as ewes but in slightly larger 
quantities. They need a good allowance of relatively high-quality 
feed just before and during the breeding season, when pasture is not 
available. After the breeding season, even before there is good 
pasture, they can be fed less grain a,nd more roughage. The roughage 
does not need to be of more than fair quality to keep vigorous, mature 
rams in thrifty condition. 

141894*—39-49 
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FEEDING RANGE SHEEP 

In the western half of the United States a large majority of the 
sheep are produced in range bands varying in size from a few hundred 
to more than 2,000 head, but usually containing between 1,000 and 
2,000 (fig. 3). They subsist largely on the natural forage of the range, 
but deep snow, drought, and scanty forage on overgrazed or inferior 
range make it necessary at times to fee^ hay and concentrates. 
Mineral deficiencies are serious problems in some areas where phos¬ 
phorus, calcium, or iodine may be so inadequate as to necessitate the 
feeding of these minerals with salt as already suggested {198). 

Many forage plants of the western range country cure while standing 
and provide nutritious feed during the fall and winter. For this 
reason range sheep can subsist on standing forage during the cold 
weather better than is generally possible for sheep in the farming 
regions. Kange sheep also browse a great deal in cold weather and 
utilize rougher feed then tlian at any other time of the year. Many 
range sheep producers make a practice of feeding some concentrate in 
the winter and provide an extra supply of feed that may be used during 
extremely cold and stormy periods {^2^). 

Alfalfa hay is the standard winter roughage for western range sheep 
in feed lots, but some native hay is fed when alfalfa is not available. 
If mature sheep are in thrifty condition when they are brought into 
the feed lot, grain is not usuallj'^ fed with alfalfa hay, but when native 
hay is fed a protein concentrate, such as cottonseed cake, is desirable 
(699). Under the usual range conditions protein concentrates can 
be fed in the form of cake with greater economy and facility than in 
the form of meal (598). When alfalfa hay is the only feed provided, 
about 4 or 5 pounds will be required per ewe daily. A little less than 
this will be sufficient when gram is also fed. When conditions permit 
it may be desirable and economical to feed a small quantity of hay 
and let the sheep graze each day. 

Breeding rams may be wintered on roughage and a small quantity 
of grain, as it is unnecessary to fatten them. A daily allowance of 5 
to 7 pounds of fair alfalfa hay, depending on the size of the ram, and 
1 pound of whole oats makes a good winter ration for rams in the 
western range coimtry {222). 

When shed lambing is practiced and the lambs are to bo bom before 
range forage would furnish good grazing, breeding ewes should receive 
some grain for about 3 weeks or a month before lambing. W^ole 
oats at the rate of one-ha,lf pound a ewe per day makes a good grain 
ration, but com, wheat, barley, and various grain mixtures have been 
successfullv fed. Some corn silage, beet pulp, and comparable feed 
may be fed in limited quantities of 1 or 2 pounds daily per ewe before 
lambing and in more liberal quantities afterwards. These help to 
stimulate the milk flow. At this time the best quality of hay is 
needed. 

The following rations are suggested for range ewes: 

Ration before lambing Ration after lambing 

Alfalfa hay.4 pounds Alfalfa hay_ _ 5 pounds 

Whole oats..pound Corn silage__ pounds 

Whole oats_ _pound 
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Figure 3 .—A flock of range sheep in Idaho. 
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These rations are suitable for range ewes of about average size, 
weighing from 110 to 140 pounds. Ewes with twin lambs may need 
a little more grain and succulent feed {192). The feeds in the rations 
are normally grown in the irrigated valleys of the western range 
country. 

POISONOUS PLANTS 

Some of the most serious feeding problems encountered by range 
sheep producers result from poisonous plants that are eaten by sheep 
while grazing {109S, pp. 263-264)- Plants that cause sickness and 
death among sheep occur in all parts of the United States. However, 
because of the greater number of sheep on the range and the method of 
handling them, the losses of economic importance are confined lar^elv 
to the western range country. Where good forages are plentiful, 
sheep that are left to themselves or that graze in loose formation 
seldom eat enough of any poisonous plant to suffer from its effects; but 
under the system of close herding that prevails in many re^ons, where 
sheep eat practically all the vegetation as they move along, they are 
more liable to poisoning, and sometimes heavy losses occur. 

The three groups of plants on the western ranges that are especially 
destructive to sheep are the species of death camas found in the higher 
parts of the Great Plains and west to the Pacific; the locoes, especially 
white loco, found on the Great Plains from Canada to Mexico; and 
the lupines, which are even more widely distributed than death camas. 
Lupine leaves rarely, if ever, injure sheep, but the pods and seeds, 
which are eaten during the summer and fall months, have caused 
heavy losses. 

The laurels and leaves of wild cherries both in the East and in the 
West, the milk weeds and ravless golden rod of New Mexico and Texas, 
the Colorado rubber plant of Colorado and New Mexico, and the coffee 
bean of Texas are some of the other plants that cause losses. The 
western sneezeweed is especially harmful in Utah and some parts of 
the Southwest. 

No practical methods have been devised for eradicating most of 
these poisonous plants. However, a careful herder who is familiar 
mth the plants and the places where they grow can do much to assist 
in preventing such losses. 

LOOKING TOWARD THE FUTURE 

Feeding experiments with sheep and lambs have been conducted 
extensively by experiment stations in some of the more important 
sheep-producing regions of the United States. Some of these experi¬ 
ments have included fundamental research on nutrition {32), but the 
majority of them have been conducted as rather practical feeding 
trials in which the lambs or sheep have been fed in groups of about 20 
to 30 animals and occasionally as many as 100 or more. Many of 
these trials have resulted in information of definite practical value to 
sheepmen. They have often served as excellent guides for determining 
the feeds, the combinations of feeds, and the methods of feeding for 
efficient production of mutton and wool. 

Many phases of the sheep production enterprise that involve feeding 
can still benefit greatly from feeding trials on numerous unsolved 
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E roblems. With the increasing need for economy in feeding practices, 
_ owever, producers of lambs and wool will need more definite 
information of a type that can be developed only by fundamental re¬ 
search for example, on the specific roles of minerals, proteins, and 
vitamins in the nutrition of sheep (169). 

It has been proved that the growth of wool can be controlled in large 
measure by feeding. Factors in the environment of a healthy sheep 
such as temperature and humidity have much less influence than nutri¬ 
tion on the production of strong, normal wool. The kind of feed 
provided for mowing lambs is so important that even when choice 
roughages such as clover hay and com silage have been given as the 
only feed to weaned lambs in the feed lot, they have failed to gain in 
weight, whereas the brothers of these lambs gained and developed 
normally when 1 to IK pounds of com and about one-sixth of a pound 
of cottonseed meal per lamb per dav were added to the roughage 
(47S, 6S1). Adequate feed is one of the most necessary factors in 
profitable production of mutton and wool, both for quantity and for 
quality. 

There are great differences in the efficiency with which individual 
sheep convert feed into meat and wool. The Bureau of Animal 
Industry has found a difference as great as 38 percent in rate of gain 
between the slowest and the fastest individuals fed similar rations in 
the same environment. In temis of total digestible nutrients per 
pound of gain, there was a difference of 36 percent between the least 
and the most efiS-cient individuals. Large differences in nutritional 
efficiency have also been found between families of sheep. It follows 
that by applying the principles of both nutrition and genetics, breeders 
should be able to develop strains of sheep that could raise the level 
of efficiency in the economical use of feed. It is true that such an 
undertaking is complex and difficult, but it offers such an important 
reward that the effort seems justified. 

Relatively little is known about the exact nutritive value of large 
niimbers of forage plants that are grazed by sheep on pastures and 
ranges in the United States (1006,1007). Experiment stations in the 
future should find definite research to determine these nutritive values 
one of the most pro mi sing ways by which nutrition specialists can 
serve the sheep industry. So large a part of the feed of sheep is in 
the form of grazing forage that definite nutritional indices of the 
important forage plants at various stages of growth should be vital 
and basic to the development of sound programs in sheep pasture and 
ra^e improvement. 

The pioneer phase of the sheep industry has passed. Free or even 
cheap grazing is becoming more and more scarce. The need for 
economy is so great that careless and wasteful methods will lead to 
failure. Sheep feeding and grazing must now be handled with the 
utmost care and along the lines of the most scientific thought if the 
enterprise is to prove profitable. 



FEEDING PROBLEMS WITH GOATS 


by Damon A. Spencer > 


MOST of this article is concerned with the feeding of milk goats, 
though the essentials are briefly given for Angoras as well. ' Rations are 
suggested for milking does, young does, kids, and bucks, and for finishing 
goats that are to be sold for meat. A final section deals briefly with 
research needs in the nutrition of goats. 


A LARGE PROPORTION of the goats in the United States are of Angora 
breeding. They are kept primarily for the production of mohair, and 
the majority of them are raised on fenced ranges of the Edwards 
Plateau in southwestern Texas (fig. 1), although they are fairly im¬ 
portant in New Mexico, Arizona, California, Oregon, and Missouri, 
and a few are raised in several other States { 1232 ),^ California is the 
State most noted for the production of milk goats, the only other 
improved type { 1174 , 1175 ). There are fewer milk goats tKan An¬ 
goras, but they are more generally distributed over the United States 
(fig. 2) { 765 ). The leading breeds of milk goats in this country are the 
Toggenburg, Saa.nen, Nubian, and Alpine { 933 ). 

The feed requirements of goats are similar to those of sheep { 957 ). 
Goats of all t^es are browsers by nature, fond of leaves, twigs, and 
weeds { 532 ). While they also relisb good grass, they will select browse, 
if given an opportunity, to a greater extent than will sheep { 1135 ). 
Wlien browse and other forage of range and pasture are not available, 
goats can make good use of legume hay; or they can subsist on straw, 
com stover, timothy hay (if cut when in early bloom), com silage, 
sorghum silage, and other nonnitrogenous rougnages if these are sup¬ 
plemented with about one-fourth to one-half of a pound per head per 
day of protein-rich concentrates such as cottonseed or linseed cake or 
meal. Com, oats, barley, and similar grains may be fed to goats 
along with roughage in about the same way that grains are fed to 
sheep. Good legume hay, however, is one of the best of the stored 
feeds for goats { 819 ). 

Milk contains a relatively lai^e amount of protein, and mohair 

1 Damon A. Spencer is Senior Animal Husbandman, Bureau of Animal Industry. 

< Italic nnmbera in parentheses refer to Literature Cited, p. 1076. 
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Figure 2, —Feedii^ time for milk goats at the Agricultural Research Center, Beltsville, 
Md. The white does are Saanens and the others Toggenburgs. 
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fibers, like wool fibers, are composed of protein. Goats therefore need 
feeds that contain a good supply of this nutrient {819). 

Goats are as fond of salt as are sheep, and when they are accustomed 
to itj it should be kept where they can take as much as they desire. 
Calcium supplements may be needed where the forage is nonlegumi- 
nous and grown on soils low in calcium. About a quarter of a pound 
of ground limestone or some other calcium supplement per head 
duify may be fed in the form of a mixture of 2 parts of calcium supple¬ 
ment to 1 part of common salt. If phosphorus appears to be lacking 
in the forage it may be supplied in bonemeal in a similar i^ixture with 
salt. T^ere there is trouble from goiter in newborn kids the does 
should be fed iodized salt at least during the last half of pregnancy, 
so that they will get about one-twentieth of a grain of potassium 
iodide per head daily {819). Larger doses may be injurious {J^60). 

FEEDING ANGORA GOATS 

Angora goats obtain most of their feed on the range in the form of 
browse, weeds, and grass. During the winter they subsist in large 
measure on evergreen brush (not including cedar or other coniferous 
vegetation) when such browse is available. When supplemental feed 
is necessary they can use to advantage hay, kale, rape, corn, milo 
maize, feterita, oats, and similar feeds. If the hay or other roughage 
is nonnitrogenous, they should be fed protein-rich meal or cottonseed 
or linseed cake. When they must depend entirely on stored feed, the 
daily allowance per head may need to be about 3 or 4 pounds of good- 
quality roughage and about one-fourth to one-half of a pound of con¬ 
centrates. The bucks do well on the same kinds of feed as those on 
which the does thrive, but they may need slightly larger quantities in 
about the same proportion as their body weight exceeds that of the 
does. The kids m a herd of Angora goats are usually raised as suck¬ 
ling kids on their mothers’ milk and on feeds available to their mothers 
(i 22S) 

FEEDING MILK GOATS 

The feeding requirements of milking does are similar to those of 
dairy cows {141). About six to eight goats can be fed on the quantity 
of feed required by one cow. When does are in milk they need all 
the roughage they will consume. Alfalfa, clover or mixed hay, and 
com^ stover are satisfactory. The does also need succulent feed such 
as silage, mangel-wurzels, carrots, rutabagas, parsnips, or turnips. 
Com, oats, wheat bran, barley, and linseed meal or cake are among 
the best concentrates for their ration. Other satisfactory concen¬ 
trates, which may sometimes be more readily available, include cot¬ 
tonseed in the form of meal or cake, brewers’ grains, corn bran, 
gluten feed, and beet pulp {70). 

A very satisfactory ration for a doe in milk during the winter con¬ 
sists of the following daily allowance: 

2 pounds of alfalfa or clover hay (good to choice) ; 

IH pounds of com silage or roots; 

1 or 2 pounds of grain mixture. 

The grain mixture could consist of 100 pounds of com, 100 pounds 
of oats, 50 pounds of wheat bran, and 25 pounds of linseed meal. 
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When on good pasture the doe may need a daily allowance of 1 to 1K 
pounds of such a ^ain mixture. Does vary considerably in their 
appetites and there is an advantage in feeding them grain individually 
according to the quantities they will consume readily. Tests by the 
Bureau of Animal Industry show that, in producing a good milk flow, 
1 pound of the grain mixture is the average daily grain requirement 
per quart of milk produced during the entire period of lactation {9S3). 
Under average conditions, a mature doe that is pastured as much as 
possible will require about 500 pounds of good to choice legume hay 
and 450 pounds of grain a year. 

Young does should be kept in good growing condition {266). If they 
have plenty of browse and pasture it is unnecessary to feed them 
grain during the spring, summer, and fall, but they may need a little 
grain if the browse and pasture are short. In winter they need about 
1 pound of grain, 1 to IK pounds of silage or roots, and all the hay 
or other roughage they will consume. 

When the milk is to be sold or used by the family {597) the feeding of 
the kids that are to be raised for breeding and milking purposes requires 
special attention {984). Each kid should receive about IK to 2 pounds 
of milk a day along with good pasture or other roughage and a little 
grain. The grain mixture suggested for the, older goats will be satis¬ 
factory, except that the coni should be cracked and the oats crushed, 
and the protein concentrate should be fed in the form of meal instead 
of cake. The quantity of roughage and concentrates at each feeding, 
when kids are fed twice a day, should be about as much as they will 
clean up before the next feeding. Tests by the Bureau of Anim al 
Industry have shown that when the kids are about 10 weeks old the 
milk in the ration may be replaced in large measure by good alfalfa 
hay and mixed grain without sacrificmg gain in body weight or devel¬ 
opment {933). This possibility offers an important advantage to the 
producer who needs to sell all the milk from the herd not required for 
raising the kids {1071). Whole cows’ milk can be fed successfully to 
kids. Even skim milk can be used with a fair degree of success if the 
change from whole milk to skim milk is made very gradually and the 
kids are allowed 2 or 3 pounds of milk a day in tliree feedings until 
they are about 6 weeks old. Choice alfalfa hay and grain should be 
fed in addition to skim milk. During the first 6 weeks of the kids’ 
life, milk should be fed warm at a temperature ranging from 90° to 
not more than 98° F. The kids can be weaned when they are 3 or 4 
months old, although when they are raised as suckling kids it is 
customary not to wean them until they are about 5 months of age {104)- 

Bucks of the milk-goat breeds need some legume hay and com stover 
during the winter, and it is a good practice to allow them some succu¬ 
lent fepd such as silage, turnips, or other root cropsj and suflicient grain 
to keep them in strong, thrifty condition. Bucks in the Department’s 
herd of milk goats at Beltsville have wintered well on about 3 pounds 
of alfalfa or dover hay, 1 to IK pounds of com silage, and IK pounds 
of grain per head daily, the grain mixture consisting of 100 pounds of 
com, 100 pounds of oats, 50 pounds of wheat bran, and 25 pounds of 
linseed meal. During the breedingseason the daily grain allowance 
is usually increased to 2 poxmds. When bucks are on good pasture no 
grain is necessary. 
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FEEDING GOATS FOR MEAT PRODUCTION 

Although goats have not been especially improved for meat produc¬ 
tion, the meat of healthy, normal goats is wholesome food. Many 
thousand goats are marketed for their meat annually, and the feeding 
of such animals has an important bearing on their market value. 
The normal goat carcass is not so well fleshed, is not susceptible of so 
high a finish, and does not represent so high a dressing percentage as 
the normal sheep carcass. Goat meat iir the carcass form usually 
goes into the regular meat trade as mutton or lamb since there is only 
an occasional municipal restriction against such practicei. The word 
“chevon” has been adopted to designate goat meat (933). 

In grazing or feeding goats for their meat the same grazing forages or 
stored feeds should be provided for them as those given to Angora 
goats for the production of good strong mohair or to milk goats for the 
production of a good quantity of nutritious milk. However, in order to 
obtain the best finish, emphasis should be placed on such fajttening feeds 
as corn, barley, or grain sorghums, along with good grazing forage or 
legume hay and succulent feeds. The daily allowance per head of 
stored feeds for fully grown goats should be approximately as follows: 

2 pounds of good to choice alfalfa or clover hay; 
pounds of corn silage or roots; 

1 or 2 pounds of grain. 

The feed allowances will va^ for goats of different ages, weights, and 
condition of flesh or fatness. The grain may be in the form of a mixtiire 
such as 2 parts of com, 1 part of oats, and 1 part of wheat bran by weight. 

POSSIBILITIES OF IMPROVING GOATS THROUGH NUTRITIONAL RESEARCH 

Progress in feeding practices has been made by some producers of 
improved goats, but there is need for more definite information on the 
efficiency of various feeds and combinations of feeds, including the 
forage plants of pastures and range, from the standpoint of their 
influence on the quantity and quality of mohair and milk produced. 
As economy of production becomes increasingly important, the need for 
such information will be even more urgent than it is now. Fundamental 
research on the nutritional requirements of goats and their ability to 
utilize various feeds and combinations of feeds offers the primary means 
of increasing economy. Such research would include work on the 
precise role of minerals, protein, and vitamins in the nutrition of goats. 

As in the case of sheep, there is much evidence of wide variations in 
the efficiency of individual goats to utilize feed. It is also apparent 
that such variations exist among different families and strains. Thus 
it should be possible to develop strains that are highly efficient in 
converting available feeds into mohair or milk of superior quality and 
quantity. Once such strains were developed, they could be used in 
suitable breeding practices to raise the average efficiency of these 
animals (245). 

In such an effort the research workers in nutrition and genetics 
would have to cooperate with each other, and they would have to 
have the cooperation of the producers of mohair and milk. The 
pioneer jieriod of goat production is passing, just as it is with sheep, and 
this pievitably means a need for greater efficiency based on theoretical 
research and practical experiment. 



NUTRITION OF HORSES 
AND MULES 


by Earl B. Krantz and S. R. Speelman i 


» 

THE first part of this article deals with the nutritional requirements of 
horses insofar as these have been determined; actually, there has not been 
very much experimental work in this field. The second part discusses 
practical feeding under different conditions, including suggested rations 
and the use of concentrates, roughage, and mineral supplements. 


The PEiNciPLES of the nutrition of horses and mules fundamentally 
are not unlike those of other domestic livestock. Thus, for body 
building and maintenance, for growth, and for production, the horse 
and mule have need for protein, carbohydrates, fats, minerals, 
and vitamins, much as these essentials are required for similar 
vital processes by cattle, sheep, swine, and poultry. The relative 
importance of the various nutrients and the quantities required by 
horses and mules are, however, not the same as for the other farm 
animals. 

Nor do the requirements of horses and mules necessarily remaui the 
same from day to day or from period to period. The stage of life, 
the kind and degree of activity, dimatic conditions, the kind, quality, 
and amount of feed, the system of management, the health and 
individuality of the animal, and perhaps other equallj^ important 
factors are all continually exerting a powerful influence m the deter¬ 
mination of nutritive needs. How well the individual feeder or experi¬ 
menter understands, anticipates, interprets, and meets these require¬ 
ments usually determines the success or failure of the ration and of 
horse’or mule keeping. 

The present discussion of the nutritive requirements of horses and 
mules considers the subject briefly from the standpoints of adequacy 
of rations, feed economies, and feeding practices. 

• Earl B. Krantz was formerly Animal Husbandman, and 8. R. Speelman Is Associate Animal Husband¬ 
man, Animal Husbandry Division, Bureau of Animal Industry. 

* Although most of the research and investigational work in the field of nutrition has not considered mule^ 

the results obtained from some tests and from practical experience indicate that their requiremente for f^ 
are essentially the same as those of horses. The nutritive needs of horses and mul^s are accordingly treated as 
one in this article. .... 
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NUTRITIVE REQUIREMENTS 

PROTEIN 

Horses and mules of all ages and kinds need adequate amounts of 
protein of suitable q^uality. 

Protein is required for building new tissues and for replacing protein 
lost from the body in the general wear and tear of normal body 
processes. Actual i)rotein requirements for these processes can be 
described in terms either of nitrogen used by the body or of amounts 
of a theoretically complete or perfect protein which contains all the 
amino acids needed in exactly the ijroportions required by the body. 
In this respect no one food protein is perfect, and proteins from 
various sources vary widely in their biological value. 

Knowledge concerning the actual protein requirements of horses 
is rather scant, but feeding standards have been established as a 
result of experiments as well as of practical experience |;hat suggest 
amounts of crude digestible protein estimated to cover the protein 
requirements with a suitable margin of safety. These standards take 
into account the variability in nutritional value of different food 
proteins, as well as some variations in quantitative requirements. 

During the stage of growth and development of the young horse or 
mule, particularly the first year, the relative need for protein is 
greater than at any other time of life. The amounts needed daily for 
100 pounds of live weight are usually greatest at the earliest ages and 
smallest weights, declining gradually as the animal ages and increases 
in size. The needs of the growing animal for protein for building new 
tissues are responsible for most of the excess in its protein requirements 
over those of mature animals. The relative demands for protein of 
colts and of mature horses of various classes are shown in recommen¬ 
dations for the daily intake of this nutrient in some feeding standards, 
such as those of Morrison (ST.9, pp. 1006-1007),^ which are given in 
table 1.* Morrison suggests that the daily protein needs of the 500- 
pound draft colt are amply covered by 0.18 to 0.20 pound per 100 
pounds of live weight, while for the 1,000-pound mature idle work 
horse the quantity specified is 0.06 to 0.08 pound. 

In ordinary feeding practice it is assumed that the quantitatisre 
needs for protein among young growing animals are the same for both 
sexes. A report by Mitchell (796), however, states that “females put 
on gains containing a smaller percentage of calories in protein than 
males.” This indicates that the protein requirements of the growing 
female may be somewhat less than those of the male, but the difference 
is probably not of importance in practical feeding. Estimates for the 
combined amounts of protein required daily for growth and main¬ 
tenance in draft colts weighing 400 to 1,200 pounds, as made by 
Morrison (,819, p. 1007), are given in table 1. 

The optimum and minimum quantitative needs of colts for protein 
during the growth period are unknoum at the present time, except 
for information developed from practical experience. The need for 
experimental research on this subject is evident. 

* Italic numbers in parentheses refer to Literature Cited, p. 1075. 

< The Morrison standards have been selected for purposes of discussion because their recommendations 
cover the nutrition of horses of various kinds and because they are applicable to many of the methods that 
have been found to be practical and economical under average and normal conditions. 
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Requirements per head daily 


Type and weight (in pounds) of animal 


Horses, idle: 

1,000. . 

1,200 , .. 

1,400 . _ 

1,000 . _ __ 

1,800_ .... 

Horses at light woric: 
1,000_ 

1,200 .. 

1,400 _ 

1,600 _ . - 

1,800_ ... 

Horses at medium work: 

1,000_ _ 

1,200 _ 

1,400 _ ... 

1,600 ... .. 

1,800. .. _ 

Horses at hard work: 

1,000.. . 

1,200 _ 

1,400 


1,800 _ _ .... . 

Rrood mares nursing foals, not at work: 

1,000 _ _ _.... 

1 , 200 . . -. . 

1.400.. . . 

1 . 600 .. . ... .. .. 

1,800 .... _ .... 

Growing draft colts, after weaning: 


400.. 
.'iOO.. 

600.. 

700.. 
800. 

900.. 
1,000 
1,100 
1,200 


Dry matter 


Pounds 

13.0-18.0 

14.8- 20.6 

16.6- 23.0 

18.3- 26.4 
20.0-27.6 

15.0-20.0 
17. 4-23.1 

19.6- 26.2 

21.9- 29.2 
24.0-.32.0 

16.0-21.0 

18.8- 24.6 
21. .5-28.2 

24.1- 31.6 

26.7- .35.0 

18.0-22.0 

21.3- 26.1 

24.7- 30.2 
28.0-34.2 

31.2- 38.1 

15.0-22.0 

17.4- 25.5 
19. 6-28. 8 

21.9- 32.1 
24.0-35.2 

9.2-11.3 

10.0-13.3 

12.4- 15.2 

13.9- 17.0 

15.3- 18.7 

16.7- 20.4 
18.0-22.0 

19.3- 23.6 
20.6-25.1 


Digestible 

protein 


Pounds 
0 . 6 - 0.8 
.7- .9 
. 8 - 1.0 
. 8 - 1.1 
.9-1.2 

.8-1.0 

. 0 - 1.2 

1.0-1.3 

1.2- 1. 5 

1.3- 1.6 

1 . 0 - 1.2 

1 . 2 - 1.4 

1.3- 1.6 

1.5- 1.8 

1.7- 2.0 

1.2-1. 4 

1.4- 1.7 

1 . 6 - 1.9 
1 . 0 - 2.'2 

2.1- 2. 4 

1.2- 1. 5 
1.4-1.7 

1 . 6 - 2.0 

1.7- 2.2 

1 . 0 - 2.4 

. 8 - .9 
.9-1.0 
1 . 0 - 1.2 

1.1- 1.3 

1 . 2 - 1.4 

1.3- 1.5 

1.4- 1.6 
1..5-1.6 

1.5- 1.7 


Total 

digestible 

nutrients 


Pounds 
7.0-9.0 
8.0-10.3 

8.9- 11.5 

9.9- 12.7 

10.8- 13.8 

9.0-11.0 
10.4-12. 7 

11.8- 14.4 

13.1- 16.0 
14. 4-17.6 

11.0-13.0 

12.9- 15. 2 

14.8- 17.4 

16.6- 19.6 

18.3- 21.7 

13.0-16.0 

15.4- 19.0 

17.8- 21.9 
20. 2-24. 8 
22. 5-27. 7 

9.0-12.0 

10.4- 13.9 

11.8- 15.7 

13.1- 17.5 

14.4- 10.2 

5. 8-7.2 

6. 6-8.4 

7. 6-9.6 
8.5-10.8 
9.4-11.9 

10.2- 13.0 
11.0-14.0 

11.6- 1,5.0 

12.6- 16.0 


Nutritive 
ratio,* 1 
to — 


10 . 0 - 12.0 
10 . 0 - 12.0 
10 . 0 - 12.0 
10 . 0 - 12.0 
10 . 0 - 12.0 

9.0-11.0 
9.0-11.0 
9.0-11.0 
9.0-11.0 
9.0-11.0 

9.0-11.0 
9.0-11.0 
9.0-11.0 
9.0-11.0 
9.0-11.0 

9.0-11.0 
9.0-11.0 
9.0-11.0 
9.0*11.0 
9.0-11.0 

6. 6-7, 5 
6. 5-7. 5 
6. .5-7. 6 

6.5- 7. 5 
6. 5-7. 5 

6.5- 7.0 

6.6- 7.1 

6.7- 7.2 

6.8- 7.3 

6.9- 7.4 
7.0-8.0 
7.0-8.0 
7.2-8.2 
7.5-8.5 


Net energy 


Therms * 

5.6- 7.2 

6.4- 8,2 
7.2-9.2 
7.0-10.1 

8.6- 11.1 

7.5- 9.1 

8.7- 10.5 

9.8- 11.9 
10.0-13.3 
12.0-14.6 

9.4-11.1 
11.0-13.0 

12.6- 14.9 

14.2- 16.7 

15.7- 18, 5 

11.3- 13,9 

13.4- 16. 5 
15. 5-19.1 

17.5- 21.6 

19.6- 24.1 

7.6- 10.0 

8.8- 11.6 
10.0-13.1 

11.1- 14.6 

12.2- 16.0 

4.9- 6.3 

5.7- 7.3 
6.5-8.3 
7.3-9.3 
8.0-10.1 

8.7- 11.0 
9.2-11.8 

9.9- 12.6 

10.6- 13.4 


* '^rhe ratio, or proportion, between the digestible protein and tin- digestible nonnitrogenous nutrients 
firicluding fat multiplied by 2.25). 

* A unit employed in measuring heat and energy, equal to 1,000 calories. 


Next to that of the young growing colt, the relative need for pro¬ 
tein is greatest in the brood mare, whether pregnant, or nursing 
young, or both (fig. 1.) This is a result of the various physiological 
processes involved in gestation and lactation, which increase the protein 
demand. In the Morrison standards, the protein requirements (100- 
pound body-weight basis) for the 1,000-pound idle brood mare with 
suckling foal are set at 0.12 to 0.15 pound daily. If her maintenance 
demands are assumed to be appjroximatelj the same as those for work 
stock of the same weighty which is logical, the conclusion may be 
drawn that as much protein is required daily to produce milk for the 
foal as is needed for the upkeep and repair of her body. Moreover, 
this standard is applicable to mares of CTeater weights. The ^ilk 
yields of mares nursing foals are variable, Morrison (819, p. 4^) 
reporting them as between 26 and 77 pounds daily as determmed by 
tests on draft mares in Germany. Since about 2 percent of the total 
volume (or about 20 percent of the total solids) of the milk is protein, 
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the amount of protein in the daily milk yield of a mare would be 
between K and IK pounds. 

Inasmuch as there is no conclusive evidence that ordinarv work 
increases the protein requirements of healthy horses and mules, the 
theoretical needs of such animals for this nutrient should be the same 
whether idle or at labor. However, in practice, the amount of protein 
fed is usually increased with the amount and severity of work done, 
since it is difficult, usin^ the commoner feeds, to inpease total energy 
(digestible nxitrients) without increasing the protein. The ingestion 
of somewhat more than the required amounts of protein will ordinarily 
do no harm, since protein can be rea<lily utilized by the body to supply 
energy, though this may result in increased costs. The Morrison 
protein requirements for maintenance for idle work horses and mules 
have already been mentioned. The intake is practically doubled 
when the animals are at hard work (table 1). 

None of the existing feeding standards contain specific suggestions 
for the intake of protein by stallions, whether idle, working, or in 
breeding service, nor is there available any exact experimental evidence 
on this subject. From practical experience, however, it appears that, 
unless he is worked regularly, the stallion’s need for protein ordinarily 
should not vary greatly from that of idle work horses, mules, and 
open mares. 

In addition to the Morrison feeding standards for horses there are 
others that cover this subject either directly or indirectly. One of 
these, which proposes standards for maintenance, was presented by 
Brody, Procter, and Ashworth in 19.34 {157). In general, the protein 



Figure 1 .—Both the mare and the young growing colt require adequate supplieB of 

all the essential nutrients. 
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allowances recommended by these workers are somewhat lower than 
those of Morrison, particularly in the case of young, lightweight 
animals. 

In the young growing colt, the result of inadequate protein intake is 
usually evidenced by slow or stunted growth and improper develop¬ 
ment. With breeding stock, there may be impairment of the repro¬ 
ductive functions. Mature,^ idle stock ordinarily are not seriously 
affected if the lack of protein is not too great and does not extend 
over a long period. Work animals, however, may lack spirit and 
efficiency. 

ENERGY 

Consideration of the energy roxpiiroinents of horses and mules® 
is divided into two parts: (1) The need for and utilization of feed 
nutrients for body maintenance, and (2) the quantitative expenditure 
of nutritive material for reproduction, lactation, and the accomplish¬ 
ment of useful work. The first is necessarily of most importance, 
because it involves all functions essential to the animal’s existence. 

The maintenance requirement is the amount of food or its constit¬ 
uents required to cover the needs of an animal in good health without 
gain or loss of weight. In the determination of energy requirements 
for maintenance, several factors may influence the quantitative 
demand for and the intake of food material—the age, size, and indi¬ 
viduality of the animal; the kind, quantity, quality, and proportions 
of feeds used; and climatic and management conditions. The prob¬ 
able effects of some of these on maintenance requirements can be 
rather readily calculated or predicted, while others may only be 
estimated. 

Inasmuch as size and age of the animal are the major factors affect¬ 
ing energy requirements for maintenance, their influence on total food 
intake is of primary importance. Formerly it was believed that the 
quantitative need for cneigy was directly proportional to the body 
weight of the animal. Present knowledge, however, indicates that en- 
nergy requirements for maintenance are roughly proportional to surface 
area, or to the 0.65 to 0.75 power of the body weight of mature animals. 
The energy required for maintenance per unit of surface area in young 
animals is somewhat greater. 

The effect of individual temperament on maintenance requirements 
is not readily predictable. There is a wide variability in temperament 
among horses and mules of different ages and kinds, and incidentally 
this factor is probably the one most responsible for the “good and baa 
doers” with which every horseman is more or less familiar. 

Improper balance of nutrients in the maintenance ration, caused by 
excessive amounts of feeds with wide nutritive ratios, may result in 
depression of digestibility, poor feed utilization, stunted or improper 
growth, and impairment of health, if continued for a very extended 
period. Some research work on this subject has been reported by 
Dunbar {286), who conducted maintenance tests with horses using 
oat straw (nutritive ratio 1:48) as the sole feed. The animals tested 
showed a marked decline in ability to digest all types of nutrients 

• The methods by which energy requirements of horses have been measured and determined are various 
and somewhat complicated. They have Involved many elaborate tests for measuring the intake and 
expenditure of energy, digestibility of feeds, and the accomplishment of work. 
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except fat, a constantly increasing intake of total feed, decreasing 
vitality, and permanent damage to general health and efficiency. 

Climatic conditions and the method of managing horses and mules 
affect their eneigy-maintenance needs. Very cold weather increases 
considerably the amount of energy required, as does also any mis¬ 
management that keeps the horse or mule in a restless, excitable 
condition for any considerable length of time. 

It has been inmcated that the young, growing horse and mule have 
proportionately greater need of energy for maintenance per unit 
of body weight than the mature, idle aiumal owing to differences in 
body-surface area. The effects of rapid growth and the general 
acceleration of all vital processes due to a higher rate of metaboRsm, as 
well as the greater degree of body activity in the young, are also im¬ 
portant considerations. For these reasons, the energy needs of a 
young horse or mule at weaning age (approximately 500 pounds body 
weight) may be relatively twice as great as those of the 1,000-pound, 
mature, idle animal and about the same as those for such' a horse or 
mule when at hard work. Energy requirements for maintenance in 
young horses and mules are highest during the early stages of life and 
decline gradually as they approach maturity. When immature horses 
or mules are worked, their energy requirements will be increased some¬ 
what, the amount being determined by the labor done. 

The energy requirements of idle brood mares nursing foals are 
somewhat greater than those of idle geldings, dry mares, or mules of 
the saine size. The need of the brood mare for additional nutrients is 
due principally to physiological demands in the production of milk for 
her young. It may also, however, be related to improper feeding dur¬ 
ing the gestation period, which may have caused body losses that must 
be repaired. The need for energy of the idle brood mare with foal is 
variable, depending on the milk yield. Normally, the extra, feed 
required for the production of milk will approximate that required for 
light work by the open mare, gelding, or mule of the same size. Preg¬ 
nant brood mares with nursing young have higher energy requirements 
than nonpregnant mares with suckling foals, particidarly during the 
first few months of gestation. 

Energy requirements of working horses and mules are determined 
almost entirely by the individuality and size of the animals and the 
kind, amount, and severity of the labor performed. Because of 
many factors ffifficult to evaluate, it is only possible to approximate 
what constitutes light, medium, and hard work under various condi¬ 
tions. On the farm, the operations of disking and breaking ground 
when done on a full-day basis are classed as severe work. Cultiva¬ 
tion and haying jobs would generally come under the heading of 
medium labor. ^ far as feeding is concerned, part-time heavy 
work mi^ht be equivalent to medium labor. Again, from the feeding 
standpoint, light work could consist of any of these operations if 
done during snort periods, or it m^ht be easy hauling, etc. Ordi¬ 
narily the feeder is the best judge of the kind of work done and the 
amount of energy required by the animals to do the job, the aim 
being to maintam body weight at a fairly uniform level thoughout 
the work period. The feed requirements of work stock at light 
jobs often are not much greater than those for idle animals. With 
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severe work, however, the demands are greatly increased and are 
usually about twice those while idle. 

Unless the stallion is worked, his energy requirements are about 
the same as those for idle work stock and animals at light work. 
The exact requirements, however, are determined by the amount of 
breeding work done, restlessness, travel, and the condition in which 
the stallion is kept. 

Inasmuch as the major requirement for fattening farm animals of 
any kind is an abundant supply of total digestible nutrients (energy), 
the rations fdr increasing body we^ht in thin horses and mules must 
be relatively high in energy-producing materials, particularly carbo¬ 
hydrates. The total amount of energy needed by horses and mules for 
fattening is variable, depending on the age, individuality, and con¬ 
dition of the animals, the feeds used, and the rate of gain desired, 
but it approximates that of stock at hard work. 

Lack of adequate amounts of energy-producing feeds in the rations 
of horses or mules may result in a number of consequences. When 
the energy deficiency is great in the feed of young animals, the result 
is usually slow and stimted growth, with consequent underdevelop¬ 
ment. Work animals that do not receive adequate amounts of energj’^ 
will lose weight, get out of condition, and be unable to do their jobs 
without excessive fatigue. When the eneigy requirements of breed¬ 
ing stock and idle animals are not satisfied the effect is usually a 
loss in body weight. 

Consideration of the many factora that may influence the energy 
requirements of horses and mules indicates that no hard and fast 
rules can be laid down that will adequately cover quantitative in¬ 
take in all instances. Approximations of such requirements, how¬ 
ever, which should be useful as guides, are presented in the Morrison 
feeding standards in table 1. 

MINERALS 

Chemical analysis of the body of a farm animal such as the horse 
reveals the presence of varying quantities of a rather large number 
of elements. Aside from hydrogen, oxygen, nitrogen, and carbon, 
the principal elements found are calcium and phosphorus. Other 
elements, present in either small or appreciable quantities, which 
in the light of present-day knowledge are believed to be essential 
to balanced, complete, and satisfactory' nutrition, are sodium, chlo¬ 
rine, iodine, iron, potassium, sulfur, copper, magnesium, zinc, cobalt, 
and manganese. That the total of these elements in the horse is 
of considerable s^nificance is indicated in the body analyses of three 
Percheron horses made by Mitchell and Hamilton (jSlO), who found 
that the ash (mineral) content was 4.66 percent of the empty carcass 
weight. 

The various mineral elements required by the anunal body have 
both building and regulatory functions. The quantitative needs of 
horses and mules for these minerals^ and _ the best minerals for sup¬ 
plying the needs are matters of obvious importance in the practical 
nutrition of the horse and mule. Yet with the exception of data on 
water requirements, a few reports on salt (soduim chloride) con¬ 
sumption, and fragmentary research findings relative to calcium, 

39 —50 
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phosphorus, and iodine, experimentation to date has given the horse 
and mule feeder no answers to many phases of this subject and few 
clues to assist him to work out the correct solution. 

There appears to be little likelihood that these animals will suffer 
from deficiencies of iron, potassium, sulfur, copper, magnesium, 
zinc, manganese, or other minerals when fed normally, and no special 
attention need be given to the inclusion of these' minerals in the 
ration. 

Caldum and Phosphorus 

To be of economic importance, a horse or mule must have a sound, 
fully developed body. Such development is possible only when the 
skeletal framework is adequate, and this may be assured by the judi¬ 
cious use of rations containing rather liberal amounts of cmcium and 
phosphorus, the bone-building minerals. 

Calcium and phosphorus together constitute approximately 75 
percent of the total supply of body minerals and about 9d percent of 
the mineral matter in the bony skeleton. The need for calcium and 
phosphorus in the horse and mule ration is undoubtedly most pro¬ 
nounced during the growing stage, particularly during the first year 
of life. It has long been known by practical horsemen that the colt 
should have acquired about one-half its total growth (body-weight 
basis) when it is 1 year old. This is supported by experimental evi¬ 
dence, particularly the recent work of Hudson at the Michigan State 
Agnciiltural Collie (S49), and of Trowbridge and Chittenden at the 
University of Missouri (1149). In his investigations with young 
draft horses of Belgian and Percheron breeding, Hudson determined 
that the greatest development of the skeleton takes place before a colt 
is IK years of age, while Trowbridge and Chittenden foimd that dur¬ 
ing the first year of life their experimental animals (Percheron foals) 
had acquired 50 to 60 percent of the total increase in body weight; 
65 to 70 percent of the total increase in depth and circumference of 
chest, width at hip points, and size of fetlocks and coronets; and as 
much as 90 percent of the total increase in some important body 
dimensions. If 99 percent of the calcium supply of the animal body 
and approximately 80 percent of its phosphorus content are in the 
bones (80S, p. 10), such skeletal and body increases can logically mean 
but one thing—the ingestion and utilization of relatively large quan¬ 
tities of these two elements by the growing animal. The quantitative 
need for calcium and phosphorus decreases gradually as animals ap¬ 
proach maturity. Unfortunately, there are apparently no experi¬ 
mental data on the reqimements for calcimn and phosphorus by young 
horses and mules that either verify or refute the practical observations 
and conclusions drawn. Mitchell and McClure (803, p. 87) believe 
that the intake of these minerals should be equivalent to 0.2 percent 
of the dry ration. 

Reproductive functions increase the mineral requirements of the 
breeding mare, and her demands for calcium and phosphorus are rela¬ 
tively hi g h both during pregnancy, especially the latter part, and while 
she is nursing her foal. As in the case of young, growing horses, no 
research data are available on this subject to indicate either quantita¬ 
tive intabn or utilization of mineral matter by brood mares. If, as 
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frequently happens, the mare with a suckling foal is rebred and be¬ 
comes pregnant, the demands for calcium and phosphorus will be in¬ 
creased, particularly during the first half of the gestation period, for 
she is then called upon to supply the materials to develop the unborn 
fetus and at the same time produce mineral-rich milk* for her nurs¬ 
ing voung. 

The mineral demands for the maintenance of mature stallions are 
unknown, but ^ insofar ^ as the need for calcium and phosphorus 
are concerned, it is possible they may be about the same as those for 
work geldings and dry mares in most instances. 

Despite the lack of clear experimental evidence, it seems probable 
that the needs for calcium and phosphorus by mature work horses 
(geldings and dry mares) and mules are not nearly so great as those 
for young stock and brood mares, because ordinary muscular work, 
if not carried to the point of fatigue, is not known to have any marked 
effect on mineral requirements where there is an adequate supply of 
energy material in the diet {80S). Thus, it is thought that few de¬ 
ficiencies of these minerals will be encountered under ordinary normal 
farm feeding practices, ^larticularly if some good legume hay aiul ade¬ 
quate pasture are supplied. 

It has been stated that the literature on mineral nutrition in horses 
does not reveal pertinent data on the daily ingestion of calcium and 
phosphorus by animals of different ages and kinds. This is true in 
general, but note should be made of the deductions that Mitchell and 
McClure drew from analyses of horses carcasses {803, p. 68), using 
growth data obtained from University of Missouri tests and Morrison’s 
feeding standards. From this calculation, they roughly estimate 
that between the weights of 400 and 1,600 pounds a Percheron horse 
needs a daily allowance of 13.5 grams of calcium (9.0 for growth and 
4.5 for maintenance) and 13.6 grams of phosphorus (4.7 for growth 
and 8.9 for maintenance). 

From the evidence on mineral malnutrition now available it is ap¬ 
parent that horses and mules of all ages may be adversely affected in 
various ways when the calciiun and phosphorus intake is inadequate, 
when these elements are ingested in disproportionate amounts, and 
when there is a faulty utilization of either mineral by the body. In 
very young animals, calcium and phosphorus malnutrition is most 
evident in the arrest or distortion of normal bone growth. Unless 
this is corrected in time, it quite often culminates in the disease known 
as rickets. With older horses and mules calcium and phosphorus 
malnutrition may lead to a number of consequences. If the deficiency 
is one of calcium alone, both the skeletal tissues and the reproductive 
functions of horses may be affected. Phosphorus deficiencies do not 
seem ;to occur as often in horses and mules as in other species of live¬ 
stock, although in certain localities they frequently cause under¬ 
development in horse stock {18). 

Lack of calcium in the horse ration, when intensified by the presence 
of high-phosphorus protein concentrates, is believed to produce the 
condition commonly known as osteomalacia or osteodystrophia 
fibrosa {80S), which is prevalent in various parts of the world and 
affects not only horses but asses and their hybrids, with the young of 

® Over 60 percent of the mineral matter in milk is calcium and phosphorus. 
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the species most susceptible. This disease is usually characterized 
by an initial period of stiffness and lameness, followed by swelling of 
the jaws and the nasal and frontal bones of the head, bone fractures, 
detachment of ligaments, anemia, emaciation, and death. Because 
of the great increase in head size that may occur during osteody¬ 
strophia fibrosa, it has become popularly known as bighead in some 
countries. It is said to develop when the calcium-phosphorus ratio 
of the ration is 0.55 to 1 or less and to be arrested by the addition of 
calcium supplements until the ratio becomes 1.6 or more of calcium 
to 1 of phosphorus (80S, p. 17). 

No data definitely indicate the optimum proportions of calcium 
and phosphorus for horses and mules. It is thought, however, that 
the ratio of calcium to phosphorus should be somewhere between 
2 to 1 and 1 to 1 under ordinary conditions. 

Salt 

Horses and mules of all ages and kinds need sodium chlbride—com¬ 
mon salt—regularly in their diet. Aside from the function which 
sodium chloride has in the maintenance of body-cell osmotic pressure 
and the role of hydrochloric acid in digestion, the part that these 
elements, sodium and chlorine, play in the mineral metabolism and 
other life processes of such animals is not well understcmd. Nor is 
there much experimental evidence which pertains to this matter in 
any way. Insofar as the quantitative intake of salt by horses and 
mules is concerned, existing data and practical observations indicate 
that the principal determining factors are individuality of the animal 
(irrespective of age) and the degree of body activity. That the matter 
of individuality is a particularly pertinent factor is indicated by tests 
conducted with draft horses at Michigan State Agricultural College 
( 6 / 18 ), which showed a range in daily salt consumption of 0.27 to 3.26 
ounces and an average daily intake of 1.82 ounces per head for animals 
kept under like conditions of feed and work. Such consumption, 
however, does not necessarily indicate the needs of the individual 
animals for sodium and chlorine, because it is entirely possible that 
more salt was consumed by some of the horses than was actually 
required. The influence of hard work on salt consumption and 
possibly on salt requirements is apparent from practical experience 
and observation. When at heavy labor, particularly during warm 
weather, the horse and mule sweat profusely and this carries consider¬ 
able salt from the body in the form of visible excreta. Unless this 
salt is replaced, the animals will soon exhibit signs of excessive fatigue, 
a fact that points to the possibility of some direct correlation between 
salt requirements and the expenditure of energy. 

Iodine 

According to Mitchell and McClure (808, p. 71): 

The only known function of iodine in the nutrition of the higher ftnimnlH is to 
serve as an indispensable constituent of thyroxine, an amino acid found in thyro- 
globulin, the characteristic protein of the thyroid gland. 

Except in certain areas and under abnormal feeding conditions, the 
problem of adequate iodine intake and utilization is of minor signif¬ 
icance with horses and mules. There is a region, however—the so- 
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called goiter belt—where iodine deficiencies in feeds may be a major 
problem, particularly with brood mares and colts. In this section^ 
experimental evidence indicates that the use of iodine supplements is 
generally beneficial. For this purpose Rodenwold and Simms (978), 
of the Oregon State Agricultural College, recommend 15 grains of 
potassium n^ide weekly for pregnant mares during the last 5 or 6 
months of the gestation period in order to produce normal, strong 
foals, free of congenital goiter. Iodine is also given to horses and 
mules by some feeders in the form of iodized salt, which is apparently 
an effective method of administration when properly handled. The 
amount of potassium iodide in such salt usually approximates 0.02 
percent (equivalent to 1 ounce in 300 pounds), but some may be lost 
by oxidation when the salt is exposed to air. Consideration should 
be given this fact when calculating the iodine supply needed. 

VITAMINS 

The role played by vitamins in the nutrition of the horse and mule 
has not been exiilored extensively. However, there is reason to 
suppose that the vitamin requirements of horses and mules are similar 
to those of other animals, a,nd it seems probable that ordinarily there 
will be few serious deficiencies of any of the vitamins except A and D. 

The importance of vitamin A or its precursor carotene is indicated 
by its relation to two important attributes of a horse—eyesight and 
hoofs. Night blindness resulting from a deficiency of vitamin A has 
been demonstrated experimentally in horses; and the injurious effect 
of lack of vitamin A on the hoofs has been indicated by experiments 
with horses in the army of Finland (636). The imeven and poor 
development of the hoofs of these horses, which had been fed chiefly 
on old hay, was cured by supplementary feeding of pasture grasses, 
grass silage, or cod-liver oil. 

FEEDS AND ECDNOMICAL FEEDING PRACTICES 

Size, age, condition, individuality, working conditions, and produc¬ 
tion needs of horses and mules are the principal factors affecting feed 
requirements. 

As indicated, little definite knowledge exists on the nutritive values 
of feeds for horses and mules or the protein, energy, mineral, and 
vitamin requirements of these animals. Althoi^h a few digestion 
trials have been made with horses, the number of animals used in 
such tests has been limited, and most of the theoretical feed require¬ 
ments for horses and mules have been calculated from experiments 
with ruminants. Comparative feeding tests with horses and mules 
are also limited in number. In addition, the number of animals 
used was often so small or the differences in body weight were so 
slight that the experimental results were reported as of doubtfvil 
statistical value. Simms (1060) points out extreme variations of 136 
pounds per individual withui the same lot of experimental animals 
over a period of 21 months, and he doubts—• 

if average differences in gains or losses in weight amounting to much less than 
100 pounds in 12 months are of real significance in feeding tests where teams or 
small groups of horses are compared. 

Individuality among horses may be a big factor in much of the 
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irr^ularity found in the experimental results obtained with small 
numbers of animals. Kind and amount of wnrk done also may 
have varied the results obtained from similar rations in such tests. 

In determining the comparative merits of the more common feeds 
for horses and mules and the most efficient feeding practices for their 
production and use, results of practical feeding experience may be 
added to the limited knowledge of theoretical requirements and the 
somewhat doubtful results of comparative tests. 

Oats, corn, and barley, all farm-grown concentrates, are the grains 
most generally used for horses and mules, and alfalfa, clover, soy¬ 
bean, timothy, prairie, Johnson grass, and grain hays are the most 
common forages fed in different sections of the United States. Wheat 
bran and linseed meal are the most favored supplements to the grains, 
although cottonseed meal and some other supplemental concen¬ 
trates are fed to horses and mules in considerable quantities in 
the South and other sections where such feeds are available at low 
prices. 

Of the common feeds, those grown locally are ordinarily the cheap¬ 
est to use and as a general rule work into the ration most satisfactorily. 
For this reason it is well to plan the ration largely on the basis of 
the feeds most readily available, and sufficient variety may usually 
be obtained by a judicious combination of home-grown products. 

COMCENTRATES 

Oats 

Oats rank as one of the best grains for horses. While they are 
not so high iii total digestible nutrients as either com or barley, a 
suitable protein content and the bulky nature of this feed make it 
particularlv valuable for many horses. Many horsemen consider 
that oats have no equal as a horse feed. This may be erroneous, 
however, as both experimental and practical feeding experience have 
shown that'^me other feeds, when properly combined, may be either 
equal or superior to oats. Oats are especially suitable for work horses 
and mules during hot weather, for horses worked irregularly, and for 
the steady feeding of light-type horses. 

Corn 

Com is the most commonly used concentrate for horses in the 
Corn Belt. It has a higher ener^_value than oats, it is ordinarily 
cheaper per hundred pounds, and it is particularly valuable when 
used in combination with oats. Corn does not, however, have as 
great a calcium or phosphoms content as oats. I^en fed with 
alfalfa or other legumes, com usu^ly produces excellent results. The 
alfalfa adds the necessary protein and supplies minerals and vita¬ 
mins, all of which are low in corn. If corn is fed as the oidy grain 
with grass h^, some protein supplement should be used to balance 
the ration. Com is most commonly fed to farm horses on the ear or 
shelled. Com meal, if used at all, should be combined witli oats, 
wheat bran, or some other light, bulky feed. 

Most experiments have mown very little difference between the 
feeding values of corn and of oats for work stock. Feeding tests in 
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Kansas, and Missouri {191, 478, 707, 866, 
1^4<)> foJ’ example, proved that corn in the ration of the farm work 
horse or mule was entirely satisfactory and lowered the cost of the 
ration somewhat. 

Barley 

Barley is used as the principal grain for horses in many parts of 
the West. Because of its physical character it should be either 
rolled, crushed, or coarsely ground to prevent digestive disturbances, 
l^ile barley has a little more digestible protein and more total 
digestible nutrients than oats, it is neither so widely grown or used 
nor so generally popular a feed among horsemen. 

Other Grains 

Wheat, rye, rice, and some leguminous seeds (92), are used as feed 
for horses under limited conditions. Wheat is satisfactory when 
crushed or rolled, and may be fed in moderate quantities in conjunc¬ 
tion with some bulky concentrate. Rye also must be crushed or 
rolled and should be limited to not more than one-third of the grain 
ration. Rice must be ground, rolled, or soaked, and should be usecl 
in limited amounts combined with such .feeds as corn, blackstraf) 
molasses, and protein supplements. All leguiminous seeds should be 
ground, and even then they may cause digestive disturbances if they 
constitute more than one-third of the concentrate allowance. 

Wheat Bran 

Wheat bran is a favorite feed among horsemen because it is high 
in protein and phosphorus, is palatable and bulky, and has a laxative 
effect. Where corn is the principal grain and the cheapest feed 
available, the use of wheat bran (10 to 20 percent) is particularly 
desirable. Even with alfalfa hay, the use of a small amount of wheat 
bran improves any grain ration, oecause alfalfa, while high in calcium, 
is low in phosphorus. Wet bran is more laxative than dry bran and 
is often used once or twice weekly as a mash for horses doing irregular 
work. 

Linseed Meal 

Old-process linseed meal is used both as a protein supplement and 
as a conditioner. Its laxative and conditioning properties make it an 
ideal commercial supplement in amounts from K to 1 pound per horse 
daily. Larger allowances may prove too laxative. In Kansas {707), 
com, wheat bran, and linseed meal, in a 6:3:1 ratio, with prairie 
hay, proved to be well adapted for horses at hard work. The advis¬ 
ability of using linseed meal in limited amounts ordinarily depends 
upon the type of hay fed, comparative feed prices, and whether 
or not its utilization makes possible the major use of feed of lower 
cost. 

Cottonseed Meal 

Cottonseed meal is a nonlaxative protein supplement that may be 
fed to horses and mules in limited quantities, if the animals are put 
gradually on bright, choice-quality meal. While most authorities have 
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recommended that not more than 1 pound daily per 1,000 pounds live 
weight be fed, experiments in Texas indicate that 1 to 2 pounds 

of 43-percent-protein cottonseed meal usually rnay be fed to horses 
and mules. It is best to mix cottonseed meal with oats, wheat bran, 
or some other bulky feed. In the South, this feed is a valuable supple¬ 
ment to com-and-cob meal, particularly if a legume hay is not 
available. 

HAYS AND OTHER ROUGHABE 

It is very important to consider both the quality and the percentage 
of roughage in planning an efficient and economical ration for horses 
and mules. Because the stomach of these animals is comparatively 
small and the energy expended in work is large, the need for a bal¬ 
anced ration of suitable quality and physical character is most im¬ 
portant, especially when the animals are at hard work. At this time 
the amount of roughage should be relatively small and ite quality 
high. More roughage, of lower quality, may be used under light work 
conditions and during idle periods. In making the choice of roughage 
it is well to remember that legume hay is particularly valuable for its 
mineral and vitamin content and may be used to correct deficiencies 
of these nutrients in some of the common farm grains. 

Timothy Hay 

Bright, clean timothy hay has long been considered one of the best 
dry roughages for horses. Much of tins popularity is due to the excel¬ 
lent quality of hay that may be made when timothy is properly cut 
and cured and to its wide distribution and availability. As timothy 
hay is lower in protein and total digestible nutrients than either mixed 
or legume hays, it is generally not so valuable for horses as legume 
hay of equal quality fed in limited amounts or mixed hay of equal 
quality and quantity. 

Johnson Grass Hay 

Johnson grass is grown extensively in certain sections of the South. 
In these sections, this grass is used to advantage as forage for horses. 
Johnson grass hay compares favorably with timothy in protein and 
total digestible nutrients and is higher in both calcium an d phosphorus. 

Alfalfa Hay 

Alfalfa hay, because of its high content of protein, energy, minerals, 
and vitamins and its palatability, is much more valuable than timothy 
or other gra^ hays for homes. As pointed out in the discussion on 
com, alfalfa is especially suited for use with a grain ration that is low 
in protein. First-cutting alfalfa, which is coarser and not so “washy” 
(laxative) as later cuttmgs, is preferred for horses, and its use fits 
well into the management program of many general stock farms. 

Various experiments have been conducted to determine the feeding 
value of alfalfa hay for horses and mules. In one of these, Hudson 
(647) found that horses weighing 1,670 pounds and fed a daily ration 
of 12.23 pounds of com and 17.91 of alfalfa when at medium to heavy 
work gained in we^ht, while similar horses on a ration of 8.02 pounds 
of com, 6.23 of oats, and 19.59 of timothy hay lost weight. Also, 
the com and alfalfa ration was 6 cents a day cheaper. 
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As the unlimited feeding of alfalfa hay has been said to result in 
softi^ss, excessive sweating, heavy breathing, digestive disturbances, 

I'he legs and hocks, its use should be restricted 
daily per 100 pounds live weight of the animal. 
Alfalfa hay is especially valuable for brood mares, foals, and youner 
stock. J e 

Clover Hay 

Bright clover hay that is free from dust is a good roughage for 
horses. Its content of protein, total digestible nutrients, minerals, 
and vitamins is high. Though various kinds of clovers are used for 
hay in different parts of the country, medium red is the one most 
widelv favored. For light horses especially, a combination of timothv 
and clover is preferred to clover alone, as the quality of this mixture 
is often better than that of straight clover. 

Soybean Hay 

Soybean hay, an annual legume grown throughout most of the 
Com Belt, may be used in the economical feeding of horses in many 
instances. This roughage is about equal to alfalfa hay in total diges¬ 
tible nutrients, is slightly laxative, and is particularly suitable for 
combination with com or other concentrates that are high in carbo¬ 
hydrates. Soybean hay should be limited to about 50 percent of the 
roughage allowance; if it makes up the entire roughage ration, no 
more should be fed than is cleaned up in a reasonable time. 

Grain Hay 

Grain hay is extensively used on the Pacific coast and is eco¬ 
nomically important in the rations of horses throughout the Kocky 
Mountain area. Oats, barley, and wheat, when cut before maturity 
and cured properly, make hays that are palatable and nutritious. 
On account of the grain content, the amount of such forage fed should 
be restricted. Very little concentrate feed is needed with good grain 
hay, but it is desirable to include a feed relatively high in protein. 

Miscellaneous Hays 

Many other roughages are used for horses and mules in sections of 
the United States where they are commonly found and are of par¬ 
ticular importance. Prairie hay of the range sections, for example, 
is an excellent roughage for horses, being about equal to timothy in 
feeding value. Hays from cowpeas, millet, and the sorghums are also 
used extensively in some areas, particularly in the South and South¬ 
west. 

Other Miscellaneous Roughages 

Com fodder, oat and wheat straw, and similiar roughages are 
economical feeds for horses, particularly when thev are idle or at very 
light work. If hay is scarce and high in price, these roughages may 
also be used for other stock when supplemented by a limited feed of 
good legume hay. These cheap roughages, of course, are low in pro¬ 
tein, mmerals, and vitamins, fumisning bulky material prmcipally. 
Some high-protein, laxative concentrate feed and sometimes a small 
quantity of good roughage should be fed with them. Work by Trow- 
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bridge (1148), showed that oat straw could be used as the only forage 
in a winter ration with com, oats, and bran while horses were at light 
winter farm work. Oat straw alone, however, does not furnish enough 
nutriment for wintering horses (286). Moreover, the use of cheap, 
low-quality roughages should not be carried to the extreme. It 
should be confined primarily to work stock during idle seasons. 


Silage 

Silage should not be considered as the principal roughage for horses 
and mules, but rather as a supplement or appetizer. • Com silage, 
wMch is bulky, appetizing, and slightly laxative, is the only kind that 
has met with much favor. Too little work has been done with grass 
silage to draw definite conclusions. It is generally considered that 
the amounts of com silage should not exceed 10 to 15 pounds daily 
per head for mature animals, allliough much larger amounts have 
been used satisfactorily in some instances. None but .choice, fresh 
silage should ever be given, as severe losses from botulism have re¬ 
sulted from silage that did not fulfill these specifications. Frozen or 
moldy silage must not be used for horses or mules under any cir¬ 
cumstances. 

Alfalfa silage has more protein, energy, minerals, and vitamins 
than com silage. Brood mares have been successfully wintered on 
alfalfa silage with a small amount of dry roughage, and it seems that 
this feed should be used to a greater extent. 

Pasture 

Although pasture is a natural feed for all horses and mules and is 
often sufficient for the maintenance of idle stock, it does not furnish 
enough nutrients for animals at steady work. It is, however, an 
excellent source of minerals and vitamins, and its use for work stock 
during periods of rest and idleness is an excellent means of toning up 
the system. During the summer work season particularly the use of 
a night and Sunday pasture for work stock is recommended, for it 
keeps the animals in better spirits and condition. The regular use of 
pasture is also a vitally important factor in the economical production 
of horses and mules, and brood mares and colts should have access to 
good pasture a large part of the year. 

PREPARATION OF FEEDS 

The grinding or crushing of concentrate feeds, except the small, 
hard grains (such as barley, wheat, rye, and the grain sorghums), is not 
generally recommended for work stock. The value of using such pre¬ 
pared feed depends on the cost of preparation, work conditions, and 
the age and condition of the animals. If prepared grains are fed, 
those that are cmshed or coarsely ground, free of dust and not pasty, 
are preferred to finely ground grains. 

Boughages such as com stover and sorghum can generally be fed 
most economically to horses and mules when shredded or cut. The 
advisability of chopping, chafiSng, or cutting hays of different kinds, 
however, depends lai^ely on the quality and value of the feed and the 
cost of such preparation. Ordinarily, low-priced good-quality hay 
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should not be prepared for feeding, but it may be economically advis¬ 
able to chop, cut, or chaff poor-quality bays. 

WATER 

Water is essential to the horse and mule in various physiological 
processes and in supplying minerals. The average water consumption 
of a mature horse is variable, but it approximates 10 to 12 gallons 
daily {9^, 1224)• While horses will voluntarily drink more water 
when fed a protein-rich ration, they should be encouraged to use more 
water when eating dry, coarse roughage. Shy drinkers can ofteti be 
made to drink more water by mixing a small amount of salt with the 
feed. 

There is a diversity of opinion on the proper time and method of 
watering horses. Other things being equal, however, regularity and 
frequency of watering and working conditions are the most important 
considerations influencing water requirements. If the horse has been 
at moderate work, he usualljr may be watered before being fed and 
again offered water before being returned to work. It is dangerous, 
however, to water heavily a hor.se that has been deprived of water for a 
long time or that is very warm. During hot weather the horse should 
be watered often when at work and, if stabled, the last thing at niglit 

MINERALS AND VITAMINS 

An adequate hay and grain ration—that is. one containing legume 
or mixed hays and wheat bran—should supply sufficient minerals 
(except salt) for the mature work horse and mule. Because there is 
not enough in this feed, salt must be given regularly. While neither 
the kinds of vitamins nor the quantities reouired by horses and mules 
are known, the use of pasture and good-quality leafy hay and exposure 
to sunlight should provide sufficient vitamins for the work animal in 
most instances. 

Mineral-deficiency problems in colt production are generally local 
in character. Wliere there are possibilities of a mineral deficiency in 
the available feeds, young stock especially should be provided with 
supplementary sources of minerals. If there is a known deficiency of 
calcium, ground limestone or oystershell flour may be used to correct 
it. If the ration is low in phosphorus, however, the addition of dried- 
milk products, steamed boneineal, or dicalcium phosphate is recom¬ 
mended. In no instance should calcium supplements alone (ground 
limestone and oystershell flour) be added to rations low in phosphorus. 
This will increase the imbalance of minerals and accentuate the 
deleterious effects of the phosphorus deficiency. Where self-feeding 
is employed, the mineral supplements should be mixed with common 
salt and kept available in a self-feeder. For such purposes mixtures 
made in the following proportions by weight are recommended: 

^ ^ . /2 parte calcium supplement. 

Calcium deficiency--part common salt. 

^ . (2 parts phosphorus supplement. 

Phosphorus deficiency--part common salt. 

{ 2 parts calcium supplement. 

2 parts phosphorus supplement. 

1 part common salt. 
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Under free choice, varying amounts of these mixtures are consumed, 
depending upon pasture and feed conditions. Salt should also be fed 
ad libitum. 

FEEDING UNDER WDRK CONDITIDNS 

The proper nutrition of horses and mules when at work is a big 
factor m maintaining them in service for many years. Improper 
feeding for a short time may not cause much damage, but, if it is 
carried on over a long period or often repeated, it may result not only 
in lowered efficiency but in more serious consequences {286). 

The kind and quantity of gram and hay required by work horses 
or mules depend among other things on the age, size, and condition 
of the animals and the kind, regularity, amount, and speed of the work 
performed. As the stomach capacity is relatively small, the amount 
of concentrates must be increased and the roughage decreased as the 
amount, severity, or speed of work increases, .^though the exact 
amounts of feed are variable, a general guide is to allow 1% to IK 
pounds of grain daily with 1 pound of hay per 100 pounds live weight 
for horses at heavy work; about 1 pound of grain and 1 to 1^ pounds 
of hay at medium work; and about K pound of grain and 1% to IK 
pounds of hay at light work. The maintenance ration for idle horses 
IS considered later in this article. 

The method of feeding has a great deal to do with the utilization of 
feed and the condition of the horse. The grain part of the ration for 
horses at work is usually divided into three equal feeds, given morn¬ 
ing, noon, and night. If the horse does not clean up his grain in a 
reasonable length of time, the quantity should be reduced. About 



Figure 2 .—Hones on pasture provided with supplemental arain in a convenient 

feeding trough. 
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two-thirds of the daily allowance of hay is given at night, with most 
of the remaining hay fed in the morning, leaving a very small allow¬ 
ance for a noon feed, if there is no hay left in the manger. 

The quantity of roughage should be limited so that all edible forage 
will be cleaned up. Moreover, it is generally advisable to allow the 
horse to eat some hay before the grain at night. This will prevent 
his gorging on hay after eating the grain, thereby forcing the grain 
through the stomach too quickly for proper assimilation. 

Overfeeding, rather than underfeeding, is common when horses are 
working irregularly. This is wasteful, expensive, and often has a 
harmful effect on the digestive system. When horses are working 
intermittently, the grain ration usually should be reduced about one- 
half, and only enough other feed given to keep them in fit condition. 
All feed should be given regularly, however. Turning work horses 
and mules regularly on pasture at night keeps the digestive system 
accustomed to succulent feed and decreases the (quantity of grain and 
hay required. It is sometimes advantageous to provide equipment 
for feeding grain in the pasture (fig. 2). 

SELECTING THE RATION 

In selecting a ration for the farm horse or mule, the feeds should 
be confined principally to those grown on the home farm. Where 
the feed must be purchased, attention should be given to unit costs, 
inasnauch as it is usually possible to mix a satisfactory ration from a 
combination of available feeds on the market. In building the ration, 
one should remember also that not only is it important to consider the 
feed nutrients, including minerals, but that the ration must have 
enough bulk so that it is not too heavy, and that it should be made 
up of good-quality, palatable feeds, with enough variety to be relished 
by the animals. 

In compiling the rations for the horse and mule at medium work 
given in table 2, theoretical requirements and feeds common to different 
parts of the United States have been considered. 

As the rations suggestotl are for the average (1,000-pound) work 
horse, increase the quantity of feed in the ration by about one-fifth 
if the horse weighs 1,200 pounds, and by about two-fifths if the horse 
weighs 1,400 pounds. For example, in the case of the first ration, a 
1,400-pound horse should receive 11.3 pounds of oats and 17 of 
timothy. In practical feeding this horse would get 4 quarts of oats 
three times daily, w'ith about 12 pounds of hoy at night and 5 in the 
momii^. Sufficient hay probably would be left in the manger after 
the morning feed so the horse could eat a little before receiving his 
grain at noon, or a little hay should be given him then. If a horse 
weighs 1,000 pounds and is at heavy work, an increase of 3 pounds 
of grain (oats) daily (1 quart at each meal) and a slight reduction in 
the amount of hay fed should supply the necessary nutrients. How¬ 
ever, it must be remembered that experimental work has shown that 
a ration of oats and timothy hay will not inaintain the horse at hard 
work, so it would be best to use a combination of corn and oats under 
those conditions. When the horse is at light work, the grain should 
be reduced and the forage increased somewhat. An idle horse may 
often be carried on a ration consisting almost entirely of roughage. 
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only enough grain being fed to keep the horse quiet when others in 
the stable that have worked are being fed. 


Table 2. —Suggested daily rations for the IftOO-pound horse or mule at medium uxnrk 


Feed 


Oats (whole). -. _ _ 

Timothy hay .. .. _ 

Total __ 

Corn (ground ear)- -- 

Alfalfa hay. . . .. 

Timothy hay.. - - 

Total - . 

Corn (shelled) _ _ 

Bran (wheat)- -- --- 

Timothy hay . . 

Total _ - - 

Corn (ground car)_ _ 

Red clover hay. . ___ 

Total ___ _ 

Corn (ear). .. 

Oats (whole)... 

Bran (wheat)...-. 

Mixed hay: 

Timothy...- 

Clover... ... 

Total -.—.— 

Corn (shelled). 

Soybean hay-—. 

Com stover...— 

Total _ _ 

Barley (rolled).— - - 

Prairie hay (Colorado and Wyoming) 

Total_ __ 


Quantity 

Total dry 
matter 

. 

Digestible 

protein 

Total di¬ 
gestible 
nutrients 

— 

Nutritive 
ratio, 1 to— 

Pounds 

Pounds 

Pounds 

pounds 


8 

7.38 

0.78 

5.30 


12 

10.20 

.41 

6.99 





20 

17. 68 

1.19 

11.29 

8.6 

10 

8.44 

.43 

7.06 


5 

4.58 

.57 

2.67 


6 

4. 25 

.17 

2.49 

---- . 

20 

17. 27 

1.17 

12. 21 

9.4 

7 

6.10 

.60 

6. 73 


2 

1.81 

.25 

' 1.23 


10 

8. 50 

.34 

4.99 


19 

16.41 

1.09 

11.95 

10.0 

10 

8. 44 

.43 

7.06 


10 

8.71 

.82 

5.08 


20 

17.15 

1.25 

12.13 

8.7 

6 

5.06 

.26 

4. 23 


3 

2.77 

.29 

1.99 


.5 

.46 

.06 

.31 


5 

4.25 

.17 

2. 49 


5 

4.36 

.41 

2.54 





19.5 

16.88 

1.19 

11.66 

8.7 


6.10 

.50 

5. 73 


5 

4.68 

.54 

2.58 


7 

6.25 

.16 

3.57 




19 

16.93 

1.20 

11.88 

8.9 

8 

7.23 

.82 

6.34 


10 

9. 45 

.44 

5.82 

- - 

18 

16.68 

1.26 

12.16 

8.7 


WINTERING IDLE WORK STOCK 

Maintaining farm work stock in healthy condition during the 
winter season is the first step toward fitting them for spring work. 
Open sheds adjacent to fields and pastures often make an ideal set¬ 
up for wintering purposes. Under this system horses and mules are 

E rovided with dry, comfortable protection during the idle season, yet 
ave the benefit of the exercise obtained in getting a lai^e part of 
their feed from fields or pastures. When large amounts of dry rough- 
age are being used, it should be possible for the animals to obtain 
pure water at will. If necessary, a heater should be used to keep 
the drinking tank free from ice. 

A horse would not be so fed during the ^^nter that it becomes fat 
and soft. Nor, on the other hand, would it receive such poor care 
that it loses weight and vitality, becomes subject to disease, and is 
not in condition for spring work. A horse that is thin or nm-down 
at the beginning of the winter or idle season should be gradually 
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brought into thrifty physical condition by correct feeding over an 
extended period. 

The liberal use of carbohydrate-rich roughages, supplemented with 
the right amount and kind of other nutritious feed, will maintain an 
idle horse properly during the winter. Cornstalk fields, grain-stubble 
fields, or pastures that haye not been too closely grazed during the 
summer are ve^ desirable sources of a laige part of the winter main¬ 
tenance feed. To supplement these feeds a limited amount of alfalfa, 
clover, or other palatable roughage may be used economically. The 
legumes are rich m protein, mineral matter, and vitamins, and supply 
materials needed to replace those lost in the natural wear of the body. 
Being somewhat laxative in effect, they also help to keep the digestive 
tract in good condition and are especially valuable for use in con¬ 
nection with straw and similar feed. In some instances^ especially 
when it is not possible to feed a legume hay, a small quantity of grain 
is necessary to maintain idle horses in thrifty condition. 

Corn silage, if fed with care, may be utilized in the winter ration 
of idle work horses, its bulk, succulence, laxativeness, and the 
presence of carotene or vitamin A in good silage are of value when 
cheap, coarse roughages make up the major part of the ration. 

PREPARING FOR SPRING WORK 

During the fitting period preceding heavy spring work, horses and 
mules must be so conditioned that tliey will be able to convert the 
vitality and energy that have been stored up in the winter into full 
power each work day and even be prepared for an overload during the 
peak of heavy work. The amount of fitting necessary depends laigely 
on the way the animals have been wintered. The condition of a horse 
that has been properly cared for in the open during the winter is more 
nearly ideal than that of the horse that has been kept in the stable. 
Wliile the length of the fitting period varies, the average time usually 
allotted for it is 2 to 4 weeks. A horse that is either very thin or very 
fat requires a longer fitting period than one in thrifty condition with 
fair flesh. Also, a young horse, especially if just broken, requires a 
longer time for fitting and training than a mature horse. 

While the use of coarse, nonsalable feeds is generally an economical 
practice during the winter, the horse should ^adually be put on a 
ration of ^ood-quality hay and a light feed of grain just before the 
fitting penod begins. The quantity of grain is increased as the fitting 
period progresses, and when light work has commenced a 1,400-pound 
horse should be ready to utilize tiaily about 14 pounds of grain together 
with 14 or 15 pounds of fine-quality hay. 

FEEDING THE BROOD MARE 

Brood mares need a ration sufficient to supply both their own feed 
requirements and those of the fetus or suckling foal. A well-balanced 
ration containing sufficient protein and minerals is particularly 
needed. Brood mares should always be kept in thrifty condition, but 
it is important that they do not become too fat. 

The right amounts of good-quality legume or mixed hay with a 
mixed grain ration will supply the nutritional requirements for the 
brood mare under work conditions. Idle brood mai'es generally need 
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little grain if they are on good pasture or are supplied with a liberal 
amount of good-quality legume or mixed hay. In the winter, an open 
shed adjacent to pasture fields or paddocks is especially valuable in 
forcing brood mares to exercise and remain thrifty. A common prac¬ 
tice in handling idle brood mares is to feed some good legume hay at 
night, a little grain or 10 to 20 pounds of com sil^e in an open grain 
bunk in the morning, and coarse field roughage, timothy hay, or good 
straw to supply the balance of the feed. * 

The brood mare should not be fed heavily on grain or hay for the 
first 24 hours after parturition, although she may have a little hay and 
water from which the chill has been taken. The first grain fed should 
be light, such as a wheat-bran mash with a little cooked flaxseed meal 
in it. If confined to the stable, the mare should be kept on a limited 
ration for a number of days after parturition. A mixture of oats and 
wheat bran is satisfactory for the limited early feedings. Other feeds 
may be added later as the mare is returned to work or when the colt 
needs an increased milk supply (fig. 2).^ The use of good pasture or 
good-quality legume hay with mixed grain will stimulate milk produc¬ 
tion. Feeding too much grain at first, however, may produce too 
much milk, which may cause indigestion in the foal.^ The exact 
method of feeding the mare at this time depends upon her individuality 
and the existing conditions. 

COLT PRODUCTION ’ 

It is important that the foal be fed for optimum, efficient growth. 
The mare that is handled and fed properly will ordinarily supply the 
milk needs of the foal. The young animal ■will, however, begin to 
pick at grain, grass, and hay at an early age, and proper use of these 
feeds will determine to a great extent how well the colt will grow. 

At a month or two of age the foal will start to take dry grains, if 
allowed to eat from the feed box of the dam. The use of ground oats, 
corn meal, and wheat bran for the mare at this time will assist in start¬ 
ing the foal on grain. Foals that are following their mothers on 
pasture may benefit from a supplementary ration of grain. 

If a foal is getting plenty of nourishment from grain and grass or 
legume roughage, it will not be seriously set back at weaning (6 
months). The foal should be eating about 4 pounds of grain daily at 
this age. During the weanling period (6 to 12 months) it is most 
important that the ration be sufiicient in protein, minerals, and 
vitamins. The liberal feeding of good legume hay with some mixed 
grain is generally necessary for efficient growth. The thrifty colt 
should not be too fat but should be in good flesh. 

The amount of grain necessary to produce efficient growth in colts 
may be limited if good roughage is available. Hea'vy feeding is not 
required, but steady CTowth should be maintained. In experiments 
with draft colts in Missouri, Trowbridge and Chittenden (1149) 
found that a limited ration produced a satisfactory 3-year skeletal 
CTOwth. Also, they had less difficulty in keeping colts sound in their 
feet and legs on a limited grain ration than on a heavy ration. In his 

^ This discussion is limited to feeding for production under ordinary conditions, as the feeding of the very 
young foal, especially the orphan, has been discussed in the article, The Nutrition of Very Young Animals 
(p. Ml). 
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tests with colts of Belgian and Percheron breeding, Hudson (5A9) 
found that the use of limited amounts of grain and alfalfa hay with 
free access to straw in winter rations did not stunt the animals and 
that it had a greater effect on weights and condition than on skeletal 
development, although it did retard the latter. As a result of this 
work, it IS Hudson s opinion that when feeds are cheap and the value of 
horses is high, the use of liberal rations may be advisable in order to 
hasten maturity, but that “where cheap pasture land is available and 
if hay and grain are high, it seems advisable to limit the feed of colts 
in the winter time and to take more time for their development.” 

Edmonds {S06), in tests with Percheron fillies in Illinois, found alfalfa 
hay fed with corn and oats gave such satisfactory results in developing 
.weanling and yearlings that there was little need of using purchased 
mill feeds when alfalfa could be grown on the farm. During the first 
winter an average of 5.674 pounds of grain and 4.266 of hay were 
required per pound of gain, while during the second winter feeding 
period an average of 9.228 pounds of grain and 12.99 of hay per pound 
of gain were needed. 

Harper (477), at Cornell University, over a period of 10 years, found 
it^required an average of 4,746 pounds of grain and 6,804 of hay to 
grow a farm colt to an average of 1,270 pounds the spring it was 3 years 
of age. 

Edmonds and Crawford {306) state that weanling draft fillies made 
good gains in height and frame and kept thrifty on 2.3 pounds of grain 
and approximately 8 each of sheaf oats and soybean hay daily. 
During the second winter their daily consumption was 3.41 pounds of 
grain and over 9 each of sheaf oats and soybean hay. At about 2 years 
of age the fillies, in medium condition, averaged 1,484 pounds in 
weight. 

In another test, Edmonds and Kammlade {307) found that limiting 
daily grain rations to 6.36 pounds of crushed oats and bran per head in 
one lot, and 5.4 of com and bran per head in the other lot, with alfalfa 
hay and oat hay, gave satisfactory and economical results in the rate 
and quality of growth over the weanling and yearling periods. They 
also reported that the grain ration of 75 percent of crushed oats and 
25 pe rcent of bran proved the most satisfactory of those fed. 

While the preparation of grain for mature draft horses is usually 
recommended only when concentrates like wheat and barley are fed, 
ground grains should be fed to the suckling foal. Caine {184), in an 
Iowa experiment, found that weanling colts made slightly larger gains 
on prepared oats than on whole oats and appeared to be fatter, and that 
colts fed rolled oats required less feed per pound of gain than those fed 
whole oats. Two years of work indicated no advantage in cutting 
hay for colts when good-quality hay was fed. 

FAHENING FOR MARKET 

Little experimental work has been done on the fattening of draft 
horses for market. It has been assumed by some that the principles 
for fattening other livestock are applicable to horses. To just what 
extent such principles may be applied to horses, however, is question¬ 
able, for in the case of horses heavy fleshing must be gained without 
sacrificing action or soundness or causing filling of legs and hocks. 

141 .‘ 194*—39 - 61 
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In fattening the horse it is especially important to remember that the 
animal must be gradually accustomed to a heavj’’ grain ration, and 
that the amount of feed must be increased very slowly to a maximum 
of about 2 pounds of grain for each 100 pounds of live weight. 

During fattening, regular exercise for draft horses is important. 
Exercise is also highly essential in the fitting of light horses. Here 
the conditioning process is also a matter of hardening, and the horse 
is used daily in harness or under saddle. In fattening, the feeder of 
draft horses uses the lot for exercise. For the purchaser it would 
probably be much better if the same system were followed as with the 
fight horse—daily use in harness—but economically this may not be 
possible. Obrecht {866), of Illinois, found that horses getting exercise 
made nearly one-half pound, or 20 percent, less gain in weight per day 
than did those not getting exercise, and that exercise increased the cost 
of finishing horses. 

FEEDING LIGHT HORSES 

The principles of feeding draft horses may be applied to light horses 
except that the latter require proportionately less hay and a little more 
grain per unit of body size. The qualities desired in light breeds are 
trimness, spirit, action, and endurance. These cannot be obtained 
with large, paunchy stomachs or lack of energy, which may result from 
excessive use of roughage. 

Oats easily rank first among the grains for light horses, but for 
variety a small amount of crushed barley, wheat bran, cracked corn, 
or a commercial mixed feed may be used with oats. When com or 
other carbohydrate feeds are fed, it is important that a little linseed 
meal or wheat bran be used. About 6 or 8 pounds of grain daily should 
be sufficient for the average light horse at medium or light work. 

A mixture of one of the legume hays with timothy or other grass 
hay should be fed with the grain. During off-work seasons, much 
good will result if the grain ration is decreased somewhat and the 
roughage increased. Two or three months of pasture may often be 
used advantageously. In some instances a light grain ration may be 
desirable while the idle horse is on pasture. The advisability of using 
grain at this time is determined by the individuality and condition of 
the horse and related factors. In bringing the light horse into 
condition after a period of idleness the amount of roughage may be 
larger than when the animal is at steady work, as the “good doer” is one 
with a “good middle.” Later the amount of hay should be reduced 

f radually and the grain increased before heavy use, sale, or show. 

'roper nutrition and management will tend to preserve a healthy 
condition year after year without the occurrence of summer sores and 
boils or the filling of hocks or fetlocks. 



PRACTICAL NUTRITIVE REQUIREMENTS 

OF POULTRY 


by Harry W. Titus < 


THIS article discusses the results of some of the many studies on which 
modem poultry-feeding practices are based. It might be called the theory 
of poultry feeding, since it is concerned with the needs of the birds for the 
various nutritive elements in relation to reproduction, egg production, 
growth, and fattening. In another article. Practical Feeding of Poultry, 
these needs are translated into terms of actual feedstuffs. 


Because of the greater economic importance of chickens, their nu¬ 
tritive requirements have been studied more extensively than have 
those of turkeys, guineas, pigeons, ducks, and geese. As a result 
of these studies, much dependable information about the quantitative 
nutritive requirements oi chickens for growth, egg production, and 
hatchability has been obtained. (Figure 1 shows the interior of a 
modem laboratory in which chemical analyses are made for the 
control of poultry-nutrition experiments.) ^ During the last 6 or 7 
years, nutrition experiments conducted with turkeys have greatly 
increased in number and have added materially to our knowledge of 
the nutritive requirements of this species. Relatively little is known 
about the quantitative nutritive requirements of guineas, paeons, 
ducks, and geese. 

Qualitatively the nutritive requirements of chickens^ are m many 
ways the same as those of other animals, but quantitatively they are 
appreciably different. In other words, most animals require proteins, 
fats, carbohydrates, vitamins, and minerals for normal growth and 
reproduction, but they do not require the same relative quantities of 
these nutrients. Another difference is that the feed of chickens coi^ 
sists mostly of concentrates, whereas that of cattle, horses, sheep, and 
goats includes a rather large portion of roughages. In this respect 
chickens are more like swine than they are like any of the other 

domestic animals. , , x- t * 

Ordinarily chickens are kept primarily for the production of meat 
and eggs, and for this reason they are seldom rationed; that is to say, 

> Harry W. Titus Is Senior Biological Chemist, in charge of Poultry Nutrition Investigations, Bureau of 
Animal Industry. 707 
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Figure 1. Interior of a modem laboratory, in which chemical analyses are made for the control of poultry-nutrition experiments. 
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°Lam '’“J ‘‘"“‘■‘y '“d «««•' they are 

K ^ Induced to eat. Such full feeding is 

desirable because rapid growth is generally necessary for the eco- 
nomwal production of m^t, even though full-fed chickens utUke 
their feed somewhat less efficiently for growth than do chickens that 

Moreover, high egg production can¬ 
not be mamtained if the feed supply is limited. For these reasons 
special care must be taken to balance the diets of chickens so that 
resuir°^^”™^^^^ production of flesh and eggs will be the ultimate 

If considerably more protein, fat, and vitamins are supplied than 
are required, the chickens may he well but not economically nourished 
because these three nutrients are usually the most expensive It is 
nofeconomical to force chickens to use protein and fat as sources of 
energy when the cheaper carbohydrates will serve the same purpose 
just as well, or even better; or to feed vitamins in gross excess of 
requirements; or, on the other hand, to supply too small quantities 
of minerals and vitamins and thus ca,use the chickens to use the pro¬ 
tein in their diet less efficiently. It is more economical, however, to 
feed somewhat more protein and vitamins than may be required than 
it is to feed too little. This is also true of the mineral elements; but 
in attempting to supply adequate quantities of these there is likely 
to be a tendency to use too much because they are relatively cheap. 
Any great excess of minerals in the diet should be carefully avoided 
because in some cases such excess may be definitely harmful. 

The nutritive requirements of chickens have been studied from 
several standpoints. Wliat are the special requirements for high 
hatchability of the eggs that are to produce a new generation? T^at 
are the special requirements for high egg production, irrespective of 
hatchability? Are there special requirements for the growth of young 
stock? Finally^ what are the requirements for fattening? At the risk 
of some repetition, this article will discuss nutrititive requirements in 
the order given in these four questions, bringing out differences in 
nutritive needs for each function. There will be a brief discussion of 
the nutrituve requirements of turkeys, and at the end, a table sum¬ 
marizing the available information for both chickens and turkeys. 


EFFECT OF NUTRITION ON 
REPRODUCTION IN THE CHICKEN 

Reproduction in the chicken is different in several ways from re¬ 
production in the other farm animals. It is much more rapid, the 
embryo develops outside the body, and the food of the young is not 
prepared within the body of the mother. In the other farm animals 
the development of the embryo from its inception to its birth is influ¬ 
enced by the contemporary feed supply of the mother. In the chicken, 
as in all poultry, the feed supply of the developing embryo is fixed 
within a relatively short time after the egg is fertilwed, and thereafter 
until hatching the development of the embryo is independent of the 
contemporary feed supply of the^ mother. Once a fertile egg is laid, 
the nutritional fate of the contained embiwo is fixed, except insofar 
as it may be influenced by the egg’s physical environment. Neverthe- 
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less, diet may affect reproduction just ^ markedly in chickens and 
other poultry as in cattle, sheep, and swine. 

Three ways in which diet may affect reproduction in the cMcken 
may be considered. (1) It may affect the quantity and fertilizing 
capacity of the sperm produced by the males and thereby affect the 
number of eggs fertilized; (2) it may affect the egg production of the 
females; and (3) it may affect the composition of the eggs and thus, 
in turn, the hatchability of those that are fertile. 

DIET OF THE MALES 

There is very little definite information about the effect of the diet 
of male chickens on their ability to produce sperm or on the fertilizing 
capacity of their sperm. Because a deficiency of vitamins A and E, 
either one or both, eventually leads to a failure of sperm production in 
the rat, it has been assumed that the same is probably true in other 
species. However, the writer has kept adult male chickens for more 
than 6 months on a diet that contained only about 10'International 
Units of vitamin A per 100 grams of feed—that is, about 6 to 10 per¬ 
cent of the minimum requirement of actively growing chicks—without 
observing any decrease in their sperm production. Similar results 
were obtained when a diet rendered deficient in vitamin E by treat¬ 
ment with a solution of ferric chloride in ether was fed for 5 months. 
Furthermore, Adamstone and Card (15) ^ found that male chickens 
could be kept on a diet deficient in vitamin E for at least a year, and 
in some cases for as long as 2 years, without losing their ability to 
fertilize. Thus it may be concluded that, although male chickens may 
eventually become sterile if kept on diets that are markedly deficient 
in either vitamin A or E or in both, they are able to subsist for a rather 
long time on such diets without losing their ability to fertilize. 

It has been claimed that when male chickens are fed a diet in which 
the protein is derived from plant sources only they mate less fre¬ 
quently than when their diet contains some animal protein. Also, 
it has been reported that in one experiment the feeding of silage to 
male chickens tended to increase their sperm production. In both 
cases the experimental technique appears to have been faulty and 
incapable of yielding results from which reliable conclusions could 
be drawn. 

The available experimental evidence indicates that it is difficult to 
decrease the sperm production or the fertilizing capacity of adult male 
chickens by dietary means, unless a given deficient diet is fed for a 
rather long time or unless the dietaiy deficiency is such that it affects 
the general health of the males. Also, there is no acceptable experi¬ 
mental evidence that the sperm production or fertilizing capacity of 
healthy male chickens can be increased by diet. 

DIET AND HATCHABILITY 

There is an abundance of evidence that egg production in the chicken 
is affected by diet. This phase of the subject is discussed in a section 
of this article which deals specifically with egg production (p. 799). 

Some of the earliest observations regarding the hatchability of 
chicken eggs were: (1) That eggs laid during the winter did not hatch 
so well as mose laid during the spring or summer; (2) that fewer eggs 

^ Italic numbatf to parentheses refer to Literature Cited, p. 1076. 
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hatched if the chickens were confined than if they had access to sun¬ 
shine and range; and (3) that the feeding of green feedstuffs generally 
improved hatchability. Research in poultry nutrition has supplied 
the explanation for these observations. Eggs produced during the 
winter did not hatch well chiefly because the chickens did not got 
enough vitamin D. For the same reason, fewer eggs batched when 
the chickens were confined. Green foodstuffs tended to improve 
hatchability because they supply vitamin A and riboflavin (vitamin 
G), and other important nutritional factors as well. The discovery 
that cod-liver oil is an excellent source of vitamin D and that certain 
feedstuffs, such as alfalfa-leaf meal, are good sources of vitamin A 
and riboflavin has made it possible to improve greatly the hatchability 
of eggs laid during the winter or by chickens kept in confinement, even 
though no fresh green feed is supplied. 

If the diet fed to chickens affects the composition of their eggs, it is 
logical to assume that it may also influence the development of the 
embryo and thus be an important factor in determining whether or 
not the eggs will hatch. There is ample evidence that diet may affect 
both the composition of eggs and their hatchability, and some of this 
evidence will now be presented and discussed. 

Effect of Diet on the Composition of the Egg and the Embryo 


The writer and his associates {II 4 O) have obtained data that indi¬ 
cate that diet has at least a slight effect on the composition of both the 
yolk and the white of eggs and that the composition of the former is 
more readily changed than that of the latter. The percentage of pro¬ 
tein and fat in the dry matter of the yolk is most readily affected, but 
the magnitude of the effect is small. McFarlane, Fulmer, and Jukes 
\7^8) determined the quantity of the three amino acids, tyrosme, 
tryptophane, and cystine,^ in both the white and the yolk of eggs pro- 
duced by hens that had received different diets and found no signifi¬ 
cant differences attributable to diet. Calvery and Titus {187) made 
somewhat more complete analyses of the wlnte and yolk, and of the 
albumins and the vitellins,' of eggs laid by pullets that had been 
raised and kept on three diets which differed only in the source of the 
nrotein. The three sources of protein were (1) wh^t middlings, (.J; 
com and com-gluten meal, and (3) soybeaii meal. They observed no 
marked differences in the composition of the proteins of the eggs. 
Thus, according to the experimental evidence just cited, diet may 
affect the percentage of protein in both the yolk and the white but not 
the composition of the constituent proteins. 

It has been demonstrated that both the percentage of fat m the 
yolk { 1140 ) and the composition of the fat W)mfiy be ^ 

diet. ^ This was to be expected because the tr^sference of fat from the 
feed to the maturing yolk may t^e place within 2 
feed is ineested According to Cruickshank s ejqienmente the 

chicken utilizes ingested fats for direct deposition m Ae ^g even 

when abundant carbohydrate is P>-®®f * Tf^eater 

fat; however, if there is a deficiency of carbohydrate a greater prop 
tion of the ingested fat will be deposited m the egg. This same mves 

• seethe article on Protein Requirements of Man (p. 173) for descriptions of Ihe amino acids and their 

'“fffiibumlns and the vltelllns are. respectlvely.thechlef proteins of the ,rhlte and oftheyolk. 
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tigator concluded from her studies that although the degree of satura¬ 
tion and the proportion of the component fat acids in the egg could be 
considerably modified by the ingestion of unsaturated fat acids in the 
feed, the ingestion of saturated fat acids had relatiyelv little effect in 
altering the normal composition of the mixed fat acids in the yolk. 

Several groups of investigators have demonstrated that the vita¬ 
min content of eggs may be influenced by diet. The quantity of 
vitamin A and of vitamin D may be made to vary over a rather wide 
range by varying the quantity in the diet. As was shown by Hart 
and associates (492) the vitamin D content of the eggs of chickens con¬ 
fined without access to sunshine may be increased as much as ten¬ 
fold by subjecting the chickens to ultraviolet radiation. According to 
Russell and Taylor (997) the output of vitamin A in eggs may be as 
much as 32 percent of the quantity consumed in the feed, whereas 
only about 10 percent of the vitamin D in the feed is found in the 
eggs. However, De Vaney, Munsell, and Titus (;?74)'Were able to 
obtain a transfer of only a little more than 2 percent of the vitamin 
D from the feed to the eggs. There are few quantitative data on 
the relation between the output of the other vitamins in eggs and the 
quantity consumed; nevertheless it has been demonstrated that under 
experimental conditions the quantity of vitamins Bi and E and of 
riboflavin in eggs may be influenced by diet. 

Likewise, it has been shown that the mineral content of eggs and 
of the developing embryos may be affected by diet and, in some cases, 
by irradiation with ultraviolet rays. Buckner and Martin (166) ob¬ 
served that a limitation of the calcium in the diet of chickens caused 
thin shells to be formed but did not markedly affect the calcium con¬ 
tent of the liquid portion of the egg. Buckner, Martin, and Peter 
(167) determined the calcium and phosphorus content of strong and 
weak chicks from hens of which some had received calcium carbonate 
in their diet and others had not. They found that both the quantity 
and percentage of phosphorus were approximately the same in strong 
as in weak chicks but that both the quantity and percentage of cal¬ 
cium were less in the weak than in the strong chicks. Insko and 
Lyons (676) were able to demonstrate that both the calcium and the 
phosphorus content of the embryos were less when no vitamin D was 
supplied than when the chickens received an adequate supply. Erik- 
son and coworkers (S3S) obtained evidence that either cod-liver oil or 
sunshine tended to increase the inorganic phosphorus content of the 
egg yolk. And Ha,rt and associates (492) found that the embryos in 
eggs from hens which had been irradiated with ultraviolet rays con¬ 
tained about twice as much calcium after 21 days of incubation as did 
the embryos in eggs from hens which had not been irradiated. 

The quantity of some of the other mineral elements in eggs may 
also be affected by diet. Lyons and Insko (706) showed tWt the man¬ 
ganese content of the feed markedly affected the manganese content 
of the eggs. Erikson and coworkers (332) found that the addition of 2 
percent of cod-liver oil to the basal diet of their hens raised the per¬ 
centage of both copper and iron in the volk of the eggs, and that sun¬ 
shine, but not filtered sunlight,® had a similar effect. Strangely 

• Sunlight from which the ultraviolet portion has been excluded by filtering, as through ordinary window 
glass. 
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onougli, howsvcr, the combination of sunshine and cod-liver oil did 
not mcrease the iron content as much as did the cod-liver oil alone 
but it caused a greater increase in the copper content. It has been 
reported that merely adding iron compounds to the diet of chickens 
has no demonstrable effect on the iron content of the eggs, but it 
has been^ claimed that the feeding of plant materials rich in iron 
tends to increase the iron content. 

Several investigators have shown that the iodine content of eggs 
can be readily increased by increasing the iodine content of the diet. 
That the iodine content of eggs is ordinarily quite low may be inferred 
from the observation of Wilder, Bcthke, an<l Record (1220) that the 
daily feeding per bird of only 2 and 5 milli^ams of iodine in dried 
kelp, iodized linseed meal, or potassium iodide increased the iodine 
content of the eggs approximately 75 and 150 times, respectively. 

While studying fluorine toxicosis (a disease condition due to fluorine 
poisoning) in laying hens, Phillips, Halpin, and Hart (920) obtained 
evidence that a part of the fluorine in the feed is transferred to the 
yolk of the eggs and that probably it is deposited in combination 
with the complex lipoids® of the yolks. Evidence that the higldy 
toxic element, selenium, may also be transferred from the feed to the 
egg has been obtained by Poley, Moxon, and Franke (929). 

Many other substances may be transferred from the feed to the 
egg, some of which are benzoic acid, certain fat-sohible dyes, and sev¬ 
eral of the plant pigments, such as xanthophyll, zeaxanthin, crypto- 
xanthin, and capsanthin. 

Relation of Protein to Hatchability 

Some of the earliest studies of the effect of dietary protein on 
hatchability were made by Parkhurst (896) who concluded that to 
obtain maximum hatchability, the diet should contain sufficient 
animal protein and vitamins. In later studies made by Byerly, 
Titus, and Ellis (178) no correlation was found between hatchability 
and the percentage of protein in the diet, but it was observed that 
certain protein supplements were significantly better than others in 
their effect on hatchability. The experiments of these workers clearly 
indicated that the second-week embryonic mortality was greater when 
the chickens were fed diets containing plant-protein supplements 
than when they were fed diets containing animal-protein supplements. 
They found that a large number of chondrodystrophic ’’ embryos were 
obtained when the former diets were fed and concluded that some of 
the protein supplements which they had studied were deficient either 
in some vitamin or in the quality of the protein itself. They also 
found that the chondrodystrophy was eliminated when the chickens 
were permitted to have access to range. This latter finding explains 
in part the apparently contradictory observation made in earlier 
studies by Parkhurst and Rhys (896) that the kind of protein supple¬ 
ment had little effect on hatchability, because in the experiments of 
these workers the chickens had access to grass runs. In this connec¬ 
tion it may also be stated that Parkhurst and Rhys observed that 

•Lipoids are fats or fatlike compounds containing nitrogen. ^ 

’ Exhibiting an abnormal condition of the bones, presumably due to a defective or faulty nutntion of the 
cartilage of the bone. In this case the chondrodystrophy was characterized by a shortening of the leg bones 
and the development of a parrotlike beak. 
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hatchability was better when mixed protein supplements were used 
than when tbe sole protein supplement was meat-and-bone meal. 

Further evidence that protems from different sources may affect 
batchability differently bas been obtained by Titus and associates 
(II 4 I), wbo found that when liquid stick (tbe concentrated liquor from 
tbe steam rendering of fatty animal material) was used as a protem 
supplement, tbe egg production was almost as good as when a bigb- 
grade meat scrap was used, but tbe batcbability of tbe eggs was very 
much poorer. A mixture of blood meal and stick bad an even more 
pronounced and deleterious effect on batchability than did stick alone. 
With both supplements embryonic mortality increased throughout the 
incubation pendd, but the increase was most pronounced during the 
last 11 or 12 days. Smith and Branion {1075) found that a mixture of 
liver meal and dried buttermilk affected hatchability more advanta¬ 
geously than did either one alone and suggested that this combination 
of protein supplements supplies the same essentials as does good grass 
range. 

In considering the effect on hatchability of the protein in the diet, 
it is of some significance that neither McFarlane, Fulmer, and Jukes 
{728) nor Calyery and Titus {187) were able to demonstrate that the 
source of the dietary protein has any appreciable effect on the composi¬ 
tion of the proteins of either the white or the yolk of the resulting eggs. 
However, the observations of Patton {898), that when embryonic 
mortality is associated with chondrodystrophy the embryos contain 
less than the normal quantity of glycine (one of the amino acids), 
indicate that hatchability may be influenced by the protein in the 
diet or by factors which affect protein metabolism. It has been 
suggested that the difference between plant-protein and animal- 
protein supplements in their effect on hatchability is due to the fact 
that the latter contain one or more vitamins not present in the former. 
It is known that animal-protein supplements are, as a class, better 
sources of riboflavin (vitamin G) than are plant-protein supplements. 
However, in the study of packing-house byproducts made by Titus 
and associates {II 4 I), the stick and high-grade meat scrap they used 
had very nearly the same riboflavin content, but the hatchability 
was very much lower on the diets that contained the stick than on 
those that contained the high-grade meat scrap. 

The effect of the quantity of protein in the diet on the hatchability 
of the eggs produced has received relatively little attention. Heiman, 
Carver, and St. John {601) concluded that the diet of laying hens should 
contain about 15 percent of protein, but in their experiments the best 
hatchability was obtained when the diets contained about 16 percent. 
The writer found that if the protein content of the diet is reduced 
sufficiently, the hatchability is decreased, and concluded from his 
experiments that for both good egg production and hatchability the 
diet should contain about 16 percent of protein of good quality. 

Fat and Carbohydrate in Relation to Hatchability 

The effect on hatchability of the kind or quantity of fat and carbo¬ 
hydrate in the diet appears not to have been studied. However, in 
view of the fact that Titus, Byerly, and Ellis {1140) and Cruickshank 
{ 24 ^) found, respectively, that the percentage of fat in the yolk and the 
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composition of the fat may be influenced by diet, the study of the effect 
of dietary fat on hatciiability should yield some valuable results. 

Vitamins and Hatciiability 

Vitamin A 

It is generally agreed that vitamin A is required for good hatcba- 
bility, but there is conflicting evidence about the quantity required. 
This state of affairs is due in part to the fact that different investiga- 
tora have used different breeds of chickens and have measured the re¬ 
quirement in different units, and that there is some disagreement about 
the factors that should be used in converting from one system of units 
to another. The writer interprets the data of Russell and associates 
{996) as indicating that at least 840 International Units of vitamin A 
per 100 grams (about 3.5 ounces) of feed are required for the heavy 
production of eggs of high vitamin content, especially if good hatch- 
ability is to be maintained. According to Bearse and Miller {73) a 
diet supplies enough vitamin A for breeding stock if it contains about 
700 International Units per 100 grams. However, it may be conclud¬ 
ed from the studies of Sherwood and Fraps {1057) that tbe diet should 
supply about 1,050 International Units per 100 grams of feed for the 
maintenance of health and the production of eggs of high vitamin A 
content. Unfortunately, most of the experimental work has been 
done for the purpose of determining the minimum rather than the 
optinium requirement of vitamin A for good hatchability, and in 
practical poultry husbandry the optimiim requirement rather than the 
minimum requirement should be supplied. According to the writer’s 
experience, the optimum level of vitamin A intake is about 1,040 In¬ 
ternational Units per 100 grams, or about 4,720 International Units 
per pound, of feed, and tliis value is in good agreement with that 
deduced from the work of Sherwood and Fraps {1067). 

Vitamin B, 

Payne and Hughes {899) concluded that a deficiency of vitamin Bi 
will reduce hatchability; but their vitamin B-deficient diets were also 
deficient in riboflavin (vitamin G), and so their conclusion cannot be 
accepted. Ellis and associates {382) also used a diet that was deficient 
in vitamin Bi and riboflavin, and they found that only about 15 per¬ 
cent of the resulting eggs hatched and that the hatchability was not 
greatly improved by adding good sources of vitamin Bi (rice bran and 
rice niiddlmgs) to the diet. Chicks hatched from the eggs produced 
on this deficient diet showed symptoms of polyneuritis soon after 
hatching, but failed to show the symptoms when rice byproducts were 
added. In view of the fact that some of the eggs hatched on a diet so 
deficient in vitamin Bj that there was a high incidence of polyneuritis 
among the hens to which it was fed, it must be conchided tentatively 
that the essentiality of vitamin Bi for hatchability is doubtful, or that 
only an exceedingly small quantity of this vitamin is required. 

Vitamin C 

There is good evidence that the chicken is able to synthesize vitamin 
C, and hence it may be assumed that it requires this vitamin for the 
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perfonnance of its normal body functions. _ It has been demonstrated 
by several workers, however, that the chicken does not require pre¬ 
formed vitamin C in its diet. 


Vitamin D 

Hushes, Payne, and Ijatshaw (S59) were among the first to show that 
vitamin D is necessary for the production of hatchable eggs. Carver 
and associates (198) have reported that although 67 International Units 
of vitamin D ® per 100 grams of feed are sufficient for good ^g produc¬ 
tion, 136 units per 100 grams of feed are required for good hatchabUity. 
Bethke and associates (98) found that only 54 International Units of 
vitamin D per 100 grams were enough for good hatchability. Mur¬ 
phy, Hunter, and Knandel (880) reported that Single Comb White 
Leghorn pullets, which had been confined without access to sunshine 
but which had received 78 International Units per 100 grams of feed 
from the time of hatching, gave satisfactory results from the stand¬ 
point of both egg production and hatchability. From unpublished 
observations, the writer concludes that the optimum level of vitamin 
D intake for heavy egg production is about 120 International Units 
per 100 grams or about 540 per pound of feed, and that if there is 
enough vitamin D in the diet to support heavy egg production there is 
enough for good hatchability. 

The possibility of supjilying too much vitamin D is demonstrated 
by the researches of Branion and Smith (148) and of Titus and Nestler 
(1144)- The first two workers found that an excess of vitamin D from 
viosterol (a solution of irradiated ergosterol in oil) markedly decreased 
hatchability. The second two workers confirmed this finding and 
demonstrated that an excess of vitamin D from cod-liver oil has the 
same effect. 

Vitamin E 

That vitamin E is essential for hatchability was first demonstrated 
by Card, Mitchell, and Hamilton (190) in 1930. Five years later Bar- 
num (68) concluded from his studies that vitamin E deficiency in the 
chicken is manifested by an increase in the first-week embryonic 
mortality. There are no reliable data on the quantitative vitamin E 
requirement for good hatchability. The available evidence on the 
subject indicates, however, that the ordinary poultry diets contain 
enough vitamin E to support good hatchability. 

BiboHavin (Vitamin G) 

Halpin, Holmes, and Hart (1248) observed that hens may lay the 
noimal number of fertile eggs and appear to be healthy even though 
their diet is deficient in vitamin G, but that as a result of the deficiency 
many of their eggs fail to hatch. Bethke, Record, and Wilder (99) 
concluded that embryonic development of the chick is dependent on 
the vitamin G (complex) content of the egg. The quantitative vita- 

s The standard unit for the measurement of vitamin D potency is the International Unit. Assays of the 
potency of sources of vitamin D are made, according to the deflnition of the Intornatlonal Unit, with rats; 
but chickens do not react to all sources of vitamin D in the same way as do rats. Accordingly, the Associa¬ 
tion of Official Agricultural Chemists has devised a method of assay in which chicks 1 or 2 days old are used 
as the test anlm^. When the source of vitamin D being assayed is pure cod-liver oil, 1 A. 0. A. O. chick 
unit is equal to 1 International Unit, but when other sources are being assayed. 1 A. 0. A. 0. chick unit may 
be equal to as many as 100 International Units. The potency of ood-liver oil or other sources of vitamin D 
that are to be used in the feeding of chickens should be stated in terms of A. O. A. G. chick units. 



797 


REQUIREMENTS OF POULTRY 

minG reqvurement for good hatchability has been determined recently 
^7 Heuser (^68). These workers concluded that 

about 245 micrograms® per 100 grams, or about 1,110 per pound, 
of feed are required; and this value is in good agreement with the 
earlier estimate of 230 micrograms per 100 grams of feed made by 
Norns and associates (86^). 

Unidentified Factors 

When a diet already adequate in vitamins A, D, E, and G, which are 
known to affect hatchability, is supplemented bv certain animal 
proteins or by green grass, the hatchability of the eggs is significantly 
improved. This was established by Nestler and associates {846) and 
by Hunt, Record, and Bcthke {562). ^icir work indicates that some 
unidentified factor in these feeds brings about the improvement. 
The unidentified factor is lacking in dried whey, since hatchability 
was not improved when this was used as the supplement. 

Effects of Minerals on Hatchability 

Calcium and Phosphorus 

The importance of an adequate dietary supply of calcium for good 
hatchability was demonstrated by Buckner, Martin, and Peter 
{166, 168). These^ workers concluded that the addition of calcium 
carbonate to the diet of chickens is essential for the maintenance of 
the hatchability of their eggs. That too much calcium may adversely 
affect hatchability was shown by Titus and associates { 1142 ). These 
workers also found that the effect of an excess of calcium is conditioned 
by the phosphorus content of the diet and that as this is increased 
it is necessary to increase the calcium content also, if good hatchability 
is to be obtained. Suitable levels of calcium and phosphorus intake 
for both good egg production and hatchability are given farther on 
(p. 814). 

Manganese 

Shortly after it was found by poultry-nutrition investigators at 
Cornell University that perosis was due, at least in major part, 
to a deficiency of manganese, lyons and Insko {706) reported that the 
hatchability on a basal diet which contained only about 6 parts per 
million of manganese was only about 5.2 percent and that the embryos 
exhibited many of the symptoms of chondrodystrophy which had been 
described by Byerly and associates {179). When, however, the same 
diet was fe^ after 40 parts per million of manganese had been added 
to it, the hatchability was increased to 49.4 percent and chondrodys¬ 
trophy was eliminated. Lyons and Insko thus demonstrated that 
manganese plays an important role in the embryonic development 

* The standard unit for the measurement of vitamin O (riboflavin) potency is the microgram, or gamma, 
which Is one-millionth of a gram or slightly less than one twenty-eight-millionth of an ounce. Most of the 
early assays of the vitamin G potency of poultry feeding stuffs were made by research workers in poultry 
nutrition at Cornell University. In these assays young growing chicks were used as the tost animals and a 
unit of measurement which was dependent on the growth of the chicks was devised, This chick-wowth 
unit has frequently been referred to as the Cornell chick unit. Later work showed that the original Cornell 
chick unit of vitamin G is approximately equal to 1 microgram of riboflavin. . 

Perosis is a condition in which there is faulty development of the skeleton, which is most re^ily observed 
in the bones of the legs. The symptoms are enlargement of the hock joints, beading and rotaMonal twisting 
of the leg bones, and in advanc^ cases a slipping of the tendons from their normal position. The condition 
has been called ^^hock disease’* and ‘‘sllpp^ tendons.” 
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of the chicken. Their work and that of others indicates that for good 
hatchability the diet should contain about 50 parts per million of 
manganese. 

Selenium 

The possibility that certain mineral elements, when ingested with 
the feed, may adversely affect embryonic development was clearly 
shown by Poley, Moxon, and Franke {929). These workers found 
that when a diet that contained about 15 parts per million of selenium 
(supplied by naturally grown grain) was fed for a period of 5 weeks, 
hatchability progressively decreased to zero. They also observed 
that 6 days after feeding of normal grain was instituted, the apparently 
toxic effects on embryonic development and on hatchability disap¬ 
peared. The practical importance of the findings of Poley, Moxon, and 
Franke is somewhat obscure at the present time, but it may be pointed 
out that there are a number of areas throughout the worljil in which the 
soil contains significant quantities of selenium. 

Sunshine and Hatchability 

It has been known for a number of years that permitting chickens 
to have access to sunshine has a beneficial effect on the hatchability of 
their eggs. The major part of this effect is undoubtedly due to the 
fact that when animals receive sunshine they are able to make at least 
a part of the vitamin D that they require. However, Smith {1074) 
obtained evidence that there is a difference in the degree to which 
sunshine improves the hatchability of eggs depending on the kind of 
protein supplement in the feed. This raised the question as to whether 
sunshine supplies another factor than vitamin D that is necessary for 
good hatchability. Somewhat later Byerly and associates {180) 
demonstrated that this was the case. With the diet used in their 
experiments, egg production was significantly greater in pens receiving 
direct sunl^ht than in confined pens adequately supplied with cod- 
liver oil. The exact nature of this factor has not yet been established. 

Adaptation to Diet and the Effect of Age and Stage of Development on Hatchability 

Byerly, Titus, and Ellis {177) studied the hatchability of the eggs 
produced by pullets that received diets in which the protein was 
derived solely from (1) wheat middlings, (2) com and com-gluten 
meal, and (3) soybean meal. Some of the pullets were fed these diets 
from the time they were hatched and some only after they had been 
raised to sexual maturity on a well-balanced diet. The hatchability 
of the eggs from the pullets that were raised on these diets was signifi¬ 
cantly greater than that of the eggs from the pullets that were raised 
on the well-balanced diet. These workers concluded that this must 
mean that, of the birds reared on the diets in which the protein was 
derived from these single sources, those that were less able to utilize 
such restricted sources of protein died before they reached maturity. 
In any case, the writer suggests that it is desirable to feed to breeding 
stock diets composed of essentially the same feedstuffs as were used 
in the diet on which the chickens were raised. 

On the other hand, the possibility must not be overlooked that the 
age or stage of development of cmckens may affect their ability to 
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utaize certain diets. Byerly and associates {180) found that if pullets 
were fed diets in which the chief protein supplement was soybean 
meal, the percentage of hatchability of the residting eggs progressively 
decreased from October to January, after which it again increased to 
relatively high levels. These same workers also found (results un- 
published) that if the same diet were fed to yearling hens, there was no 
marked decrease in hatchability from October to January. Moreover 
Titus and associates (114^) observed that pullets and hens do not react 
in the same way to high and low levels of calcium intake. In their 
experiments the hens laid more eggs than the pullets on the least 
calcium but on the diets containing the most calcium the pullets laid 
more than the hens. They found that the deleterious eflFect of a high 
level of calcium intake on hatchability was more pronounced in the 
eggs from hens than in the eggs from pullets. 

Time of Occurrence of Embryonic Mortality 

Byerly, Titus, and Ellis {177, 178) and Titus and associates {II 4 I, 
114 ^) have made extensive studies of the relation between the time 
of occurrence of embryonic mortality and diet. They observed that 
when the protein of the diet was derived chiefly from products of 
plant or^n there was a marked increase in the second-week embryonic 
mortality. They also found that the percentage of embryonic mor¬ 
tality increa,sed during the last 3 days of incubation if the calcium 
intake was increased to excessive levels and that this increase was 
greater when the phosphorus intake was 0.9 percent of the diet than 
when it was 1.2 percent. These same workers also observed that 
the inclusion of stick, or of a mixture of stick and blood meal, in the 
diet as the chief protein supplement markedly increased the mortality 
throughout the entire period of incubation, but that the increase was 
greatest after the tenth and eighth days, respectively. 

It was found by Insko and Lyons {576) that the third-week embryonic 
mortality, which they observed when a diet deficient in vitamin D 
was fed, was markedly decreased when vitamin D was supplied. 
Lyons and Insko {705) also observed that the embryonic mortality 
during the third week was reduced more than 60 percent when man¬ 
ganese was added to diets that contained only a very small quantity 
of this element. 

As previously noted, Bamum^ {62) associated increased first-week 
embryonic mortality with vitamin E deficiency of the diet. 

From the information available on the time embryomc mortality 
takes place it is evident that the mortality occurring during the third 
week majy be caused by several different factors and thus is attributable 
to cumulative effects. On the other hand, the second-week mortality 
and, perhaps to an even greater extent, the first-week mortality, when 
attributable to diet, seem to be due to immediate causes. 

NUTRITION AND EGG PRODUCTION IN THE CHICKEN 

The egg of the chicken is normally a complete and balanced com¬ 
bination of all the nutritive elements required for the full development 
of the chick embryo. It contains everything necessa^ for the 
formation of blood, nerve, and brain; muscle, tendon, and Sonej skin, 
nail, and feather; and enough nourishment to enable the chick to 
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break through its shell and survive for several days without feed. 
Moreover, the chicken egg is highly prized as human food. 

The egg is readily separable into three parts—the white, the yolk,* 
and the shell. The white in turn may be separated into four parts— 
an outer envelope of fluid white, an inner envelope of firm white, an 
inner envelope of fluid white, and a small portion of firm white that, 
is attached to the yolk. The yolk consists of alternate, concentric 
layers of white yolk and yellow yolk. The shell is made up of several 
layers of calcium carbonate and an outer cuticle, or skin. Attached 
to the inner surface of the shell and separating the shell from the white 
are the outer and inner shell membranes. The white is separated 
from the yolk by the vitelline membrane Which completely surrounds 
the latter. 

COMPOSITION OF THE EGG 

On an average, the white accounts for about 58 percent by weight of 
the whole egg, the yolk for about 32 percent, and the shell for about 
10 percent. The white consists of nearly 87 percent of water, nearly 
12 percent of protein, and very small quantities of fats, sugars, min¬ 
erals, and other substances. The yolk contains about 49 percent of 
water, about 32 percent of fat, about 17 percent of protein, and 
comparatively small quantities of sugars, minerals, and other sub¬ 
stances. The shell consists mostly of calcium carbonate but contains 
some organic matter, water, and mineral substances other than 
calcium carbonate. 

The proteins in eggs supply all the amino acids necessary for growth 
and maintenance. The fats contain an appreciable quantity of at 
least one of the so-called essential fat acids, i. e., linoleic acid. The 
mineral elements always present in eggs include calcium, magne¬ 
sium, potassium, sodium, iron, aluminum, manganese, zinc, copper, 
lead, silicon, phosphorus, sulfur, chlorine, iodine, and fluorine; and 
traces of arsenic, boron, titanium, and vanadium have also been 
found. 

In general, eggs are a good source of riboflavin (vitamin G), and a 
fair source of vitamin A and vitamin D; they also contain some 
vitanm Bi, vitamin E, and vitamin K. Although the fresh egg 
contains no vitamin C, it can be demonstrated that appreciable 
quantities are formed after the fourth or fifth day of incubation. 

PHYSIOLOGICAL PROCESSES OF EGG FORMATION 

The organs primarily concerned with the formation of the egg are 
the ovary and the oviduct. A short time before egg production 
begins several of the ova begin to grow, the calcium content of the 
blood increases two to two and one-half times, and finally one of the 
ova is released as a matured yolk. Upon its release from the ovary, 
or shortly thereafter, the yolk is grasped by the mouth of the oviduct 
and slowly forced toward the vent. As the yolk passes through the 
oviduct the white is laid down and then the shell is formed. By the 
time the egg reaches the end of the oviduct it is complete and ready 
to be laid. Between 14 and 16 hours are required for completing the 
egg after the ova is released. The time that elapses between the 
completion and the laying of an egg may vary from 10 to 14 hours; 
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however, when a chicken is producing heavily, about 24 to 26 hours 
elapse between the lajdng of consecutive eggs in a clutch. 

The various physiological processes involved in the development of 
the ova and the oviduct, and in the laying down of the white and the 
shell, are not fully known. However, there is some evidence that a 
hormone secreted by the anterior lobe of the pituitary gland starts 
the development of the ova in the ovary and, in turn, the ovary ap¬ 
pears to secrete a hormone that stimulates the development of the 
oviduct and keeps it in a functioning condition after it is fully de¬ 
veloped. The stimulus for the laying down of the white and the 
shell appears to be lai^ely mechanical, that is to say, the presence of 
the yolk or of any smalTubject in the oviduct first causes the white 
to be secreted and then the shell to be formed. 

Egg production may be quite markedly affected by the treatment 
of the chickens, by interruptions of the feed supply, and by environ¬ 
mental temperatures. Frequent handling of chickens, until they 
become accustomed to it. tends to decrease egg production. Moving 
them from one environment to another, especially during the early 
part of the molt, or just before, tends to cause a break in egg produc¬ 
tion. During the period of the molt, egg production is usually greatly 
reduced and in many instances is stopped entirely. Irregularity of 
feeding and the temporary withholding of the feed adversely affect 
production. Sharp drops in temperature may cause egg production 
to cease entirely for a few days or even several weeks. During periods 
of high temperature there is a tendency for the weight of the eggs to 
decrease, and if the temperature is sufficiently high egg production may 
decrease or even stop. 

NUTRITIVE REQUIREMENTS FOR EGG PRODUCTION 

' Although the potential egg-laying capacity of a chicken is largely 
determined by its inheritance, the number of eggs laid, within this 
capacity, is cfependent on the quantity and kind of feed eaten. A 
part of the feed consumed by a pullet is used for growth and the re¬ 
mainder for maintenance and egg production. In yearling and older 
hens, most of the feed is used for the last two purposes, but some is 
used for regaining the weight lost during the molt. 

The economic maintenance requirement (p. 431) of White Leghorn 
pullets weighing 4 pounds is between 0.145 and 0.160 pound of feed 
per bird per day, and for pullets weighing only 3.6 pounds it is between 
0.134 and 0.148 pound per bird per day. The economic maintenance 
requirement of chickens of the lieavier breeds is appreciably greater; 
for example, in the case of Rhode Island Red pullets that weigh 
5)^ pounds it is between 0.205 and 0.227 ]Jound per bird per day, and 
for pullets that weigh only 5 pounds it is between 0.186 and 0.206 
pound per bird per day. The economic maintenance requirement of 
hens of any given live weight is essentially the same as that of pullets 
of the same live weight. 

It has been foimd that after the growth and maintenance require¬ 
ments have been taken care of, the quantity of feed required to pro¬ 
duce an average 2-ounce egg is between 0.078 and 0.1 pound, or on an 
average about 0.09 pound. Apparently, the first determination of 
the quantity of feed required, in addition to the economic maintenance 
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Figure 2 ,—The more eggs a pullet produces in a year, the less feed is required per 
dozen eggs, A While Leghorn pullet producing 100 eggs a year consumes almost 
twice as much feed per dozen eggs as a pullet producing 200 eggs a year. (Data ob¬ 
tained in different years from two different lots of White Leghorn pullets at the U. S. 
Animal Husbandry E^erinient Farm, Beltsville, Md., and from Md. Agr. Expt. Sta. 

Bull. 359 (JITff), Data graduated by the method of least squares.) 


requirement, to produce an egg was made in 1928. This quantity of 
feed was found to be about 0.089 pound {1139). Ten years later 
Brody and others {166) of the Missouri Agricultural Experiment 
Station made a detailed study of the efficiency of feed utilization for 
egg production and found this quantity to be about 0.087 pound. 
The agreement between the two values is exceptionally good, but 
undoubtedly accidental. 

Feed Cost and Efficiency of Etg Production 

A more or less fixed quantity of feed is required per day for the 
maintenance of a l^ing chicken, no matter what its rate of egg pro¬ 
duction may be. 'Hie qu^tity required for the making of an egg is 
always less than this daily maintenance requirement. It follows 
that the total feed ^st per egg is much less when the average produc¬ 
tion of a flock is high when it is low. It also follows tnat the 
efficiency of egg production, that is, the number of eggs produced 
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per unit weight of feed consumed, increases as egg protluction in¬ 
creases. 

Tiie relation between the feed cost of a dozen eggs and the average 
annual egg production is shown in figure 2. in which the feed con¬ 
sumed per dozen eggs is plotted against the average number of eggs 
laid per bird per year. According to these curves a White Leghorn 
pullet will consume between 7.7 and 8.7 pounds of feed per dozen 
eggs, if she lays 100 eggs per year, but only from 4.4 to 4.9 pounds, if 
.she lays 200 eggs. This clearly demonstrates the importance of hav¬ 
ing chickens that can be depende<l on to produce a large number of 
eggs. 

Figure 3 shows the relation between the efficiency of egg production 
and the average number of eggs laid per bird per year. It shows very 
definitely that chickens of the heavier breeds lay' fewer eggs per 
pound of feed than do those of the lighter breeds and indicates that 
pullets lay more eggs per pound of feed than do hens. Notwith¬ 
standing, it must be recognized that different strains of the same 
breed may be appreciably' different in their ability to utilize feed for 
egg production, as is suggested by the three curves in figure 2. 



Figure 3 .—^The breed and the age of chickens affect the efiBciency of fe^ utilization 
for egg production. Pullets are more efficient modneers than hens; the lighter breeds 
are more efficient than the heavier breeds. (Data from U. S. Animal Husbandry 
Experiment Farm, Bellsville, Md., graduated by the method of least squares.) 
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Specific Requirements 

It has been demonstrated several times that it is possible to com¬ 
pound two diets on which the production will be practically the 
same but on which the hatchability will be very different. It has 
been found, however, that the eggs of chickens that lay a large number 
tend to hatch better than those of chickens that lay a much smaller 
number. This suggests that it is always best to feed diets that will 
permit the chickens to produce eggs of high hatchability, because 
poor hatchability may be the result of a dietary deficiency too slight 
to decrease egg production but sufficient gradually to undermine the 
health of the chickens. The nutritive requirements for |food hatch- 
ability have already been discussed; the specific nutritive require¬ 
ments of chickens for e^g production follow. 

That egg production is dependent on the nature of the diet may be 
demonstrated easily in a number of ways. If nothing but grain is fed, 
a high level of egg production cannot be maintained because grain 
usually does not supply enough protein and that which it does supply 
is not of suitable quality. If the diet contains too little calcium, egg 
production ceases rather promptly; and if the chickens do not get 
enough vitamin D they cannot properly use a supply of calcium that 
would otherwise be adequate. Also, if the diet is deficient in vita¬ 
min A, the general health of the chickens will be adversely affected 
and egg production will decline or cease entirely. According to the 
existing knowledge about poultry nutrition, if the diet furnishes 
enough protein of good quality and adequate supplies of the necessary 
minerals and vitamins, it is suitable for egg production, provided it 
contains no harmful ingredients. 

Protein Requirements 

An egg that weighs 56.7 grams (2 ounces) contains slightly more than 
7 grams of protein of very high biological value, or quality; to produce 
such an egg a chicken requires from 10.5 to 12.5 grams of digestible 
protein; and to supply this, 12.5 to 15 grams of feed protein of good 
quality is required. Inasmuch as the chicken has a rather limited 
capacity for storing protein that can be used for making eggs, the 
feed consumed each day should furnish not less than 12.5 grams of 
protein of good quality, if a constantly available supply thereof for 
making eggs is to be maintained. 

It has been found that very good egg production—200 eggs or more 
per year—may be obtained on diets containing as little as 12 to 13 
percent of protein. In spite of this, it has been observed that e^g 
production, especially in pullets, tends to increase as the protem 
content of the diet is increased from 13 to 18 or even 20 percent. 
Several groups of investigators have found that both live weight and 
good eg^ production can be maintained on diets containing 15 percent 
of protein. It is safer, however, to rely on a protein content between 
16 and 17 percent. This is particularly true in the case of pullets 
during their first 4 months of egg laying, when protein is required for 
both growth and egg production. 

What has just been said about suitable percentages of {iroteins in 
the diet for e^ production applies only when the protein is of good 
quality. To insure that the protein will be of suitable quality, not 
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less than 20 percent of it should be from feedstuffs of animal origin 
such as liquid skim milk, liquid buttermilk, dried skim milk, dned 
buttermilk, meat scrap, and fish meal. 

Mineral Requirements 

A chicken that lays 200 eggs per year puts into those eggs about 400 
grams of calcium or about 13 to 15 times as much as there is in her 
entire body. If the diet is deficient in calcium, a chicken can draw on 
its skeleton for only enough calcium to make about 3 or 4 eggs. From 
this it is evident that the calcium requirement of laying Sickens is 
very high and that the feed must supply virtually all the calcium that 
goes into the eggs. 

The proper percentage of calcium in the diet is dependent on (1) the 
number of eggs laid per bird, (2) the quantitv of feed consumed, and 
(3) the phosphorus content of the diet. Inasmuch as the laying 
chicken can readily adapt her physiological processes to diets that 
contain somewhat more calcium and phosphorus than she needs, it is 
possible to set up standards for the calcium and phosphorus content 
of the diet that will be applicable under all ordinary conditions. 
Table 1 shows approximatelj’^ how much calcium diets of different 
phosphorus content should contain. 


Table 1 .—Corresponding approximate percentages of phosphorus and calcium for all~ 
mash diets and for laying mashes with which grain is to be fed 


All-mash diets 

Laying mashes 
(with which grain 
is to be fed) 

All-mash diets 

Laying mashes 
(with which grain 
is to be fed) 

Ml-mash diets 

Laying mashes 
(with which 
grain is to be fed) 

Phos¬ 

phorus 

con¬ 

tent 

Cal- 

cium 

content 

Phos¬ 

phorus 

content 

Cal¬ 

cium 

content 

Phos¬ 

phorus 

con¬ 

tent 

Cal¬ 

cium 

content 

Phos¬ 

phorus 

content 

Cal¬ 

cium 

content 

Phos¬ 

phorus 

con¬ 

tent 

Cal¬ 

cium 

content 

Phos¬ 

phorus 

content 

Cal- 

cium 

content 

Percem 

0.6 

.7 

.8 

Percent 

1.9 

2.0 

2.1 

Percent 

0.8 

.9 

1.0 

Percent 

3.7 

3.8 

3.9 

Percent. 

0.9 

1.0 

1.1 

Percent 

2.3 

2.4 
2.6 

Percent 

1.1 

1.2 

1.3 

Percent 

4.1 

4.2 

4.3 

Percent 

1.2 

1.3 

Percent. 

2.7 

2.8 

Percent. 

1 4 
1.6 

Percent 

4.4 

4.6 


Occasionally the feed of laying chickens may contain too little 
phosphorus, especially if it contains very little dried skim milk, dried 
buttermilk, meat scrap, meat-and-bone scrap, or fish meal. In case 
the total phosphorus content of the diet is appreciably l^s than 0.7 
percent, enough steamed bonemeal should be added to bring it up to 
at least this value. 

Ordinarily the feed consumed by laying chickens does not contain 
enough salt imless some is added. The quantity to add depends to 
some extent on the other ingredients of the feed mi.xture. If the feed 
mixture contains as much as 15 percent of nieat scrap, meat-and-bone 
scrap, fish meal, or any combination of these feeding stuffs, not so 
much salt need be added as when other protein supplements are used. 
In any case, if the total feed contains about 0.5 percent of added salt, 
all the salt requirements of the chickens will be fully met and there 
will be little likelihood of any harmful excess. 

It has been found that many of the usual feed mixtures fed to poultry 
may not contain enough manganese. This deficiency can be made up 
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by using in place of plain salt a mixture of 100 parts of salt and 1.7 
parts of anhydrous manganous sulfate (or 2.5 parts of manganous 
sulfate tetrahydrate). One-half of one percent of this mixture in an 
all-mash diet can be depended on to supply enoiigh salt and enough 
manganese; but in a laying mash with which grain is to be fed 1 percent 
should be included. 


Vitamin Requirements 

Although the importance of several of the vitamins in the feeding 
of chickens has been recognized by poultry-nutrition workers for at 
least a dozen years, precise knowledge of the optimum requirements 
for egg production is still lacking. However, enough is known to 
enable one to state levels of vitamin intake that are adequate under 
ordinary conditions. If the e^gs are not to be used for hatching, the 
following quantities of vitamins per pound of feed will usually be 
adequate: 3,150 International Units of vitamin A, 180 International 
Units of vitamin Bi, 360 A. O. A. C. chick units “ of vitamin D, and 
680 micrograms (gammas or Cornell chick units '*) of riboflavin 
(vitamin G). However, if the eggs are to be used for hatching, the 
following quantities per pound of feed are recommended: 4,720 
International Units of vitamin A, 180 International Units of vitamin 
Bi, 540 A. O. A. C. chick units of vitamin D, and 1,250 micrograms 
(gammas or Cornell chick units) of riboflavin (vitamin G). As has 
been stated already, it is probably always best to feed diets that will 
permit the chickens to lay eggs of high hatchability; the levels of 
vitamin intake that are recommended here for producing hatching 
eggs are therefore to be preferred to those given as being adequate 
for producing eggs not intended for hatching. 

EFFECT OF DIET ON EGGS 

_ As has been shown (p. 791), the diet of chickens affects the composi¬ 
tion of the eggs and consequently their market value as human food. 

It has been reported that certain feedstuffs, such as onions, rape, 
turnips, and some fish meals and oils, if fed to chickens in excessive 
quantities, may have an undesirable effect on the flavor of the resulting 
e^s. ^ However, if undesirable flavors are found in eggs, it is best to 
examine a few eggs from each individual chicken in the flock, because 
it has been found that an occasional bird produces eggs that have an 
objectionable flavor, regardless of the kind of feed consumed. If 
only a few chickens are found to be producing off-flavored eggs these 
should be removed from the flock. However, if the number of such 
chickens is quite large, the feed may be at fault and an attempt should 
be made to identify and eliminate the ingredient that is causing the 
trouble. 

No acceptable evidence has been obtained that the feed affects the 
ph 3 rsical properties, or the so-called “quality,” of the wMte of eggs. 
On the otner hand, the color of the yolk and the ability of e^ to stand 
up well in cold storage may be readily affected by diet. Very light- 
colored yolks may be obtained by eliminating green feed from the 
diet and by replacing the yellow com with oats, barley, or wMte com. 

n See footnote 8, p. 798. 

>> See footnote 9, p. 797. 
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The richer shades of yellow may be obtained through the use of yellow 
com and alfalfa-leaf meal; and deep orange-red yolks may be obtained 
^ feeding 0.5 to 2 percent of ground pimiento pepper or chili pepper. 
Cull peppers are best for this purpose because of their relative cheap¬ 
ness. Cull peppers may be fed also to increase yolk color in the 
winter when green feed is scarce or not to be had at all. 

On some markets a premium is paid for e^gs with yolks of light 
color, but ordinarily uniformity of yolk color is more iniportant than 
lightness. The best method of obtaining yolks of uniform color is 
to feed a well-balanced all-mash diet and not permit the chickens to 
have access to green range. Both a grain mixture and a laying mash 
may be fed, however, if the ingredients of the grain mixture are so 
proportioned that it supplies about the same quantity of the coloring 
matters that affect yolk color as does the mash. The proper pro¬ 
portion of the ingredients of the grain mixture may be determined by 
trial—the maximum effect of any given diet on yolk color can usually 
be observed within a week after the diet is first fed. 

Cottonseed meal tends to have an undesirable effect on the color of 
both the yolk and the white. If large quantities are fed the yolks of 
the resulting eggs may have a brown mottled appearance when laid. 
And even if small quantities—as little as 5 percent—are fed, the yolks 
tend to acquire a similar appearance after the eggs have been in cold 
storage for 6 weeks or longer. Cottonseed meal and weeds of the 
same botanical family as the cotton plant tend to produce a pink tint 
in the white. Eg^s produced on diets containing cottonseed meal do 
not stand up well in cold storage; and in addition to the tendency for 
the yolks to become mottled, there is a tendency for the yolk mem¬ 
branes to become weakened. 

The market value of eggs is also affected by the (juality of the shells. 
A deficiency of vitamin D in the diet affects the thickness of the shells 
and their ability to resist breakage. A deficiency of calcium has the 
same effect. Also it has been claimed that a deficiency of manganese 
tends to cause the production of poor shells. Means of insuring 
against a deficiency of vitamin D, calcium, or manganese have already 
been discussed. 

Egg soilage may also be affected by diet. A diet that tends to cause 
the droppings to be loose and watery also tends to increase egg soilage. 
Among the causes of loose droppings are too much salt and too much 
bran in the diet. Too much salt may be introduced through the use 
of fish meal of high salt content; such fish meals should not be used. 
To avoid the effect of too much bran, middlings may be substituted 
for a part of the bran. At times, the inclusion of 2 or 3 percent of 
linked meal in the diet has the desirable effect of making the droppings 
less watery; more than this quantity should not be used, however, 
because it tends to have the opposite effect. 

NUTRITIVE REQUIREMENTS FOR GROWTH AND 
FATTENING OF POULTRY 
THE UTILIZATION OF FEED FOR GROWTH 

As is generally known, the very young animal utilizes feed for growth 
much more efficiently than does the nearly grown animal. As the 
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live weight of an animal increases there is a gradual but very definite 
decrease in the gain that results from the consumption of a pound of 
feed. This is due chiefly to the increase in the maintenance require- 
ment, but it is also due in part to the change in the composition of the 
gain. The general relationship between live weight and feed consump¬ 
tion is illustrated by figure 2 (p. 451). Regular weighing of the birds 
is necessary in the study of growth. F^ure 4 shows a young turkey 
being weighed in connection with growth studies. 

It was formerly believed that animals consume less feed per pound 
of gain in live weight when they are allowed to eat all they want than 
when they are fed somewha t less than this quantity. However, Ellis and 
Zeller {S19, 320) have shown that this is not true in the case of swine, 
and the work of Hammond, Hendricks, and Titus {J^68) clearly indicates 
that it is not true in the case of chickens. In an experiment conducted 
by the last-named investigators, seven lots of chickens were fed for a 
period of 52 weeks all they would cat of seven diets of different protein 
content, and another seven lots were fed 70 percent as much of the 
same diets. On each diet the feed was utilized more efficiently by the 
lot that was fed at the 70-percent level of feed intake. On the diet 
that contained the least protein (13 percent) the efficiency of the 
iitilization of feed for growth was only about 4 percent greater at the 
70-percent level than it was at the full-feed level, but as the percentage 
of proteni in the diets increased the differences in efficiency became 
more and more pronounced. On the diet of highest protein content 
(25 percent) the efficiency was about 38 percent greater at the 70- 
percent level than at the full-feed level. 


Table 2 .—Effect iu mate chickens of the heavier breeds of the level of feed intake on the 
relative efficiency of utilization of feed for growth^ the relative maximum live tveight attained^ 
the relative quantity of feed required for attaining the maximum live tveight^ and the 
relatitH* length of time required to attain maximum live weight on a diet containing about 

19.4 percent of crude protein 


T^evol of feed intake as percent of full feed 


2 ().. 

;U) .. .. 

40_ 

tiO_ 

70_ 

SO_ 

iH).. . 

100 _ 


Relative 


Relative 

quantity 

Relative 
length of 

average 

maximiini 

live 

weight » 
attained 

of feed 

time 

efficiency of 

required for 

required to 

utilization 

attaining 

attain 

of feed 

maximum 

maximum 

for growth 

live 

live 


weight > 

weight > 

Percent 

Percent 

Percent 

Percent 

iH).7 

19.1 

21.1 

105.1 

93.3 

51.1 

54.7 

103.6 

97.2 

77.7 

I 79.9 

101.9 

100.0 

100.0 

100.0 

100.0 

99. 1 

114.9 

116.0 

98.1 

96.8 

127.7 

131.9 

94.9 

94.8 

138.3 

145.9 1 

89.9 

93.1 

148.9: 

159.9 

82.0 

92.6 

1 

156.6 

169.2 

73.2 


» This refers to the imixiinuin live weiuht that is eventually attained after a prolonged period of feeding 
at the levels indicated in the first (’olunin. 


In order to get additional information about the effect of the level 
of feed intake on the efficiency of the chicken in utilizing feed for 
growth, the writer reexamined both published (1143) and unpublished 
data obtained with chickens at the Agricultural Research Center, 
Beltsville, IVld. Some of the results of this reexamination are sum- 
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marized in table 2. This table contains data only for male chickens 
that were fed a diet which contained about 19.4 percent of protein. 
Apparently, the feed was utilized most efficiently for growth when the 
level of intake was between 50 and 60 percent of full feed. However, 
other data obtained by the writer indicate that the maximum effici¬ 
ency is sometimes observed between the 60- and 70-percent levels. 
In any case, it majr be concluded that a full-fed, growing chicken 
makes a smaller gam per pound of feed than a growing chicken fed 
at a much lower level of feed intake, if the diet contains between 13 
and 25 percent of protein. 

In the practical production of chickens for meat it would not be 
economical to feed growing stock at a level of feed intake that is only 
50 to 60 percent of full feed, even though the feed is utilized more 
efficiently for growth at such a level. The data in table 2 indicate 
why this is true. According to these data it would require more than 
twice as much time, with the same brooding and housing facilities, to 
produce the same weight of live chickens at the 50-percent level of 
feed intake as it would at the full-feed level. Or, to state it another 
way, by feeding only 69 percent more feed at the full-feed level of 
intake one would get nearly 57 percent more live weight, in about 27 

{ lercent less time, than would be obtained bv feeding at the 50-percent 
evel. Moreover, the chickens that woulil be produced on this low 
level of feed intake would have little fat, and hence would have a 
lower market value per pound than those produced on full feed. 


Table 3 .—Quantities of feed 


required to obtain certain selected average live weights with 
different hinds of poultry 


Average live weight (pounds) 


0.5. 

1 . 0 . 

1.5. 
2 . 0 . 

2.5. 
3.0. 

3.5. 
4.0. 

4.5. 
5.0. 


Kind of poultry and quantity of feed required per bird 


White 
Leghorn 
chickens 
(males and 
females) > 

Cross-bred» 
chickens 
(males) 

Rhode 
Island Red 
chickens 
(males) 

Turkeys ^ 
(males) 

White 
Pekin 
ducks 
(males and 
females) > 

Pounds 

Pminds 

Pounds 

Pounds 

Pounds 

1.20 

1.29 

1.12 

0.95 

0.83 

3.18 

2.91 

2.53 

2.20 

2.01 

5.27 

4.65 

4.05 

3.49 

3.28 

7.75 

6.52 

5.69 

4.83 

4.66 

10.80 

8.56 

7.49 

6.21 

6.17 

14.75 

10.78 

9.46 

7.65 

7.83 

20.39 

13.24 

11.66 

9.15 

9.68 


16.97 

14.13 

10.70 

11.77 


19.07 

16.95 

12.32 

14.17 

1 . 

22.62 

20.25 

14.02 

16.99 


1 For a group containing approximately the same number of birds of each sex. 

> The male ofCsprlng resulting from mating Barred Plymouth Rock females to Rhode Island Red males. 

> Several different breeds from parent sto<£ which had been selected for bmall size. 


All breeds of chickens are not equally efficient in their utilization of 
feed for growth; likewise different kinds of poult^ are not equally 
efficient. According to the few data that are^ available, both ducks 
and turkeys are more efficient than the heavier breeds of chickens, 
which in turn are more efficient than the lighter breeds. Some data 
on the feed required to obtain certain selected average live weights 
with different !^ds of poultry are given in table 3. Snce no two of 
the diets that were fed in obtaining these data were the same, it is not 
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possible to ninke exact comparisons of the cfRciencies of the different 
kinds of poidti^ in utilizing feed for growth. Nevertheless, diets suit¬ 
able for each kind of poultrj' were fed, and hence the data indicate in a 
general way the relative abilities of chickens, turkevs, and ducks to 
utilize feed for growth. 

NUTRITIVE REQUIREMENTS FOR GROWTH 

On the nineteenth or twentieth day of incubation the yolk sac is 
drawn into the body of the embryo and on the twenty-first day a 
fully formed chick is normally ready to emerge from its shell. Whether 
or not the embryo develops into a fully formed chick is dependent to a 
considerable extent on the diet that was consumed by the mother. 
Likewise the viability of the hatched chick is dependent, at least in 
part, on the diet of the parent stock. The unabsorbed yolk in the 
body of the hatched chick is a concentrated reserve supply of nutri¬ 
ents on wliich the chick may subsist for several days even though it 
receives no feed. Experience has shown, however, that it is best to 
supply both water and feed when the chick is about 1 day old, while 
it still contains some unabsorbed yolk. 

If the diet of the newly hatched chick is deficient in proteins, vita¬ 
mins, minerals, or the energy-producing liutrients, carbohydrates and 
fats, growth will be retarded and development will be abnormal. If 
the deficiency is great enough, the chick soon dies. From the stand¬ 
point of nutrition, the most critical period in the life of a chick is the 
first few weeks after hatching (fig. 5). It is during this period that 
special care should be taken to feed a diet that is fully adequate for 
the maintenance of health and growth. However, it is good hus¬ 
bandry to provide such a diet throughout the entire growing period. 

If the diet is composed of the feedstuffs usually fed to chickens 
and if it furnishes enough protein of good quality and adequate 
supplies of the necessary minerals and vitamins, it is not likely 
to be deficient in carbohydrates or fats; and if it is not too finely or 
too coarsely ground and contains no harmful ingredients, it is suitable 
for feeding to growing chicks. Hence, in devising diets for growing 
chicks special attention should be given to the matter of supplying 
the proper quantity of protein of good quality and fully adequate but 
not excessive quantities of minerals and vitamins. 

Protein Requirements 

Many workers at the State experiment stations in this country 
have studied the protein requirements of growing chickens and a large 
amount of information has been accumulated on this important subject. 
The majority of these workers are in agreement that the optimum 
percentage of protein in the diet of yoimg growing chickens is not less 
than 18 or 19 percent, and several of them concur in the belief that 
the protein content of the diet should be decreased as the chicks 
become older. 

One of the more recent studies of the effect of the percentage of pro¬ 
tein in the diet of chickens on their growth and utilization of feed is 
that of Hammond, Hendricks, and Titus U68). Their data have been 
carefully graduated and the results are given in teble 4. The figures 
in the second coluimi of this table indicate that as the protein content 
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Figure 5 .—From the standpoint of nutrition, the most critical period in the life of a 
chick 18 the .first few weeks after hatching. 
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of the diet increases from 13 to 21 percent there is a definite increase 
in the average efficiency of the utilization of feed for growth, but as 
the protein content increases from 21 to 25 percent there is a rather sharp 
decrease in the efficiency. ^ Whether the optimum level of protein intake 
is’exactly 21 percent, as indicated in table 4, or some slightly lower 
value, cannot be determined from the data, but the optimum level is 
very probably between 20 and 21 percent. Undoubtedly the optimum 
level varies with the biological value of the protein,^® being some¬ 
what less for protein of a high biological value. 

T ABLE 4 .—Effect in the male chicken of the level of protein intake on the relative efficiency of 
the utilization of feed for growth, the relative maximum live Height attained, the relative 
quantity of feed required for aUaining the maximum live weight, and the relative length 
of time required to attain the tnaximum live weight 



Relative 


Relative 
quan¬ 
tity of 

Relative 


Relative 


Relative 
quan¬ 
tity of 

1 

Relative 

Relative 

average 

, Relative 

length 

Relative 

average 

Relative 

length 
of time 

level of 

efil- 

1 maxi- 

feed re- 

of time 

level of 

effi- 

maxi- 

feed re- 

protein 

ciency 

mum 

quired 
for at- 

required 

protein 

ciency 

mum 

quired 

required 

intake as 

of the 

live 

to attain 

intake as 

of the 

live 

for at- 

to attain 

percent of 

utiliza- 

weight 1 

taining 

maxi- 

percent of 

utiliza- 

weight ‘ 

taining 

maxi- 

total feed 

tion of 

at- 

ma.xi- j 

mum 

total feed 

tion of 

at- 

maxi- 

mum 

consumed 

feed for 
growth 

tained 

_1 

mum 

live 

weight » 

live 

weight ’ 

consumed 

feed for 
growth 

tained 

mum 

live 

weight 1 

live 

weight ’ 


Percent 

Percent 

Percent 

Percent 


Percent 

Percent 

Percent 

Percent 

13 . 

67.7 

97.6 

144.1 

119.9 

20---. . 

99.7 

99.8 

100.1 

100.5 

11. 

80.6 

97.9 

121.3 i 

111.7 

21 . 

100.0 

100.0 

100.0 

100.0 

15.. 

87.3 

98.2 

112.5 1 

107.8 

22... 

97. 9 

100.2 

102.3 

99.7 

Ifi .. 

91.5 

98.6 

107. 7 1 

104.6 

23 .. -. . 

94.3 

100.4 

106.4 

99.5 

17 .. 

94.6 

98.9 

104.6 

102.6 

24- 

90.2 

100.5 

111.4 

99.4 

18 .. 

19. 

97.2 

98.7 

99.2 

99.5 

102. 1 
100.7 

101.5 

101.0 

25. 

1 

S,*). 6 

100.6 

117.6 

99.2 


‘ This refers to the maximum live weight that is attained when the birds are fully grown. 


Apparently the level of protein intake, so long as it is not less than 
about 13 percent of the total feed consumed, has little effect on the 
maximum live weight ultimately attained; however, the time required 
to reach the maximum live weight is greatly increased as the level of 
protein intake is decreased from 21 to 13 percent. As the level 
of protein intake is increased from 21 to 25 percent there is only 
an msi^ificant decrease in the time required to reach the maximum 

live weight. ... l . • 

Even though the optimum level of protein intake is, from the physio¬ 
logical standpoint, about 21 percent, from the standpoint of economy 
it may be only 18 or 19 percent, because the efficiency of feed utiliza¬ 
tion for growth is only slightly less at these levels than it is at the 21- 
percent level. In most cases the difference in cost between a diet 
that contains 21 percent of protein and one that contains only 18 or 
19 percent will be an important factor in determining the most eco¬ 
nomical level of protein intake. In any case, the writer has found 
that it is a good practice to feed a diet that contains 20 to 21 percent of 
protein until the chickens are about 12 weeks old and then to gradually 
decrease the protein content to about 16 or 17 percent by the time the 
pullets are ready to lay. The pullete may then be placed on a diet 
that contains about the same quantity of protein, that is, 16 to 17 
percent, but which is more suitable for the production of eggs. 

n See the article on Protein Requirements of Man, p. 173. 
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Tlie protein requirement of young growing turkeys (fig. 6), accord¬ 
ing to the few data available on the subject, is nearly 20 percent 
greater than that of young gi’owing chickens. The optimum level of 
protein intake is about 25 percent for the first 12 weeks, but after that 
it may be reduced gradually to about 17 by the time the turkeys are 
24 weeks old, and then to 14 or 15 by the time they are ready for mar¬ 
ket. After the thirtieth week the turkeys^ that are being kept as 
breeding stock may be fed a diet that contains only 13 or 14 percent 
of protein; but about a month before eggs are to be obtained for hatch¬ 
ing, the protein content of the diet should be increased to about 16 or 
17 percent and held there until the breeding season is over. 

Mineral Requirements 

After reviewing the literature on the calcium and phosphorus 
requirements of farm animals, Mitchell and McClure (803) concluded 
that the young growing chicken’s average minimum requirements for 
these elements are represented by concentrations of about 0.70 to 0.75 
percent of calcium and about 0.4 percent of phosphorus in the diet. 
From the studies of Mussehl and Ackerson (833) it may be concluded 
that the minimum requirement of turkeys for calcium is about the 
same as that of chickens, or possibly sightly ^eater. 

In the practical feeding of poultry it is desirable to guard against 
possible deficiencies by feeding somewhat more of all the necessary 
nutrients than the minimum quantities required. This is true of the 
several mmeral elements, as it is of protein and the vitamins, but, 
especially in the case of minerals, care should be taken not to supply 
too much. Although there is little accurate information about the 
optimum calcium and phosphorus requirements of growing chickens 
and turkeys, it is possible to state levels of intake that can be depended 
on to give satisfactory results. 

A satisfactory level of phosphorus intake is 0.7 percent of the diet, 
but many practical diets contain much more than this. Since the 
utilization of calcium is intimately associated with that of phosphorus, 
it is desirable to know what the level of calcium intake should be for 
any mven level of phosphorus intake. Apparently the chicken can 
readily excrete the excess calcium and phosphorus in any ratio from 
about 1.3:1 (1.3 parts calcium to 1 part phosphorus) to about 2:1 (2 
parts calcium to 1 part phosphorus). Also, according to the studies 
of Ackerson and associates (9,10,11,1^, IS), the ratio of the retained 
calcium to the retained phosphorus varies in the young growing 
chicken from 1.3:1_ to nearly 1.7:1, with an average value of about 
1.5:1. From this it^may be concluded that the ratio of calcium to 
phosphorus in the diet may vary from 1.3:1 to 2:1. The optimum 
ratio is probably between 1.5:1 and 2:1, and experience has shown 
that a ratio of about 1.6:1 is quite satisfactory. Therefore it may be 
considered a good practice to have the diets of both chickens and 
turkeys contam not less than 0.7 percent of phosphorus and to adjust 
the calcium content so that there is about 1.6 times as much calcium 
as phosphorus. 

^ far as is known, the salt requirements of growing chickens and 
turkeys are about the same as those of laying cliickkis (p. 805), or 
about 0.5 percent of added salt. 
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The protein requirement of young growing turkeys is apparently almost 20 percent greater than that of young growing chickens. 
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The optimum quantity of manganese in fhe diet is about 50 parts 
per million, or 50 milligrams per kilogram (p. 797). Inasmuch as cer¬ 
tain types of diets commonly fed to poultry may not contain this mnch 
manganese, it is a good practice to guard against a possible deficiency 
adding about 30 parts per million. One-half of one percent of a 
mixture of 100 parts of salt and 1.7 parts of anhydrous manganous 
sulfate (or 2.5 parts of manganous sulf^-te tetrahydrate) is sufficient 
in all-mash diets, but in growing mashes as hi laying mashes with wliich 
grain is to be fed 1 percent should be included. 

There is no acceptable evidence that the usual diets fed to chickens 
or turkeys are likely to be deficient in any of the mhieral elements 
other than those just discussed. 

Vitamin Requirements 

During recent years the vitamin A requirement of growing chickens 
has been carefully studied {961, 969), and it is now possible to state 
both the approxuuate minimum requirement and the approximate 
optimum level of intake. The minimum requirement is about 150 
International Units of vitamin A per 100 grams of feed, or about 780 
units per pound. The optimum level of intake is at least 320 Inter¬ 
national Units of vitamin A per 100 grams of feed, or about 1,450 
units per pound. Several times this quantity may be fed without 
harm; and when somewhat more than this quantity can be supplied 
at no appreciable increase in the cost of the feed, it is recommended 
that this be done. 

The vitamin A requirement of growing turkeys has not been deter¬ 
mined as carefully as has that of growing chickens. However, the 
relatively little information that has been obtained on the vitamin A 
requirements of turkeys indicates that they require at least 2 to 2^ 
times as much as chickens. Hence a suitable, practical level of vita¬ 
min A intake for growing turkeys woidd be about 800 International 
Units of vitamin A per 100 grams of feed, or about 3,630 units per 
pound. 

The minimum vitamin B, requirement of growing chickens is about 
20 International Units per 100 grams of feed; however, it is well to 
feed diets that contain about 40 units per 100 grams, or about 180 
International Units per pound. So far as is known the vitamin B, 
requirement of growing turkeys is essentially the same as that of 
growing chickens. 

The growing chicken’s requirenient for vitamin D has been studied 
more extensively than has its requirement for any of the other vitamins. 
Most of the workers agree that the minimum requirement is between 
15 and 20 A. O. A. C. chick units of vitamin D per 100 grams of feed, 
but the studies of Couch, Fraps, and Sherwood {SSO) indicate that for 
certain levels of calcium and phosphorus intake the minimum require¬ 
ment may be appreciably less. However, the optimum level of vitamin 
D intake is probably as much as 40 A. O. A. C. chick units per 100 
grams of feed, or about 180 A. O. A. C. chick units per pound. 

According to Baird and Green (64) the growing turkey requires 
between 60 and^ 70 A. O. A. C. chick units per 100 grams of feed, 
which is appreciably more than the growing chicken requires. The 
optimum levd of vitamin D intake for young growing turkeys is 
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probably about 80 A. O. A. C. chick units per 100 grains of feed, or 
about 360 A. O. A. C. chick units per pound. 

^ very probable that the young growing chicken requires vita- 
inm E for normal growth and development but its requirement for 
this factor has not been determined. Most poultiy-nutrition workers 
agree th^ good, typical diets for growing chickens contain all the 
vitamin E that is required and that it is both unnecessary and a 
waste of money to use such expensive sources of vitamin E as wheat- 
germ oil to increase the vitamin E content of the diet. In any case, 
dependable information about the growing chicken’s vitamin E re¬ 
quirement is very desirable and should be obtained. 

D-ribofiavin, or riboflavin, is sometimes referred to as vitamin G. 
The growing chicken has a relatively high requirement for this vita¬ 
min. Most of our knowledge of the vitamin G requirement of grow¬ 
ing chickens has resulted from the studies of Norris and associates {862) 
at Cornell University. The proper level of vitamin G intake for 
young growing chickens appears to be about 370 micrograms (gammas) 
of riboflavin per 100 grams of feed, or about 1,670 micrograms of ribo¬ 
flavin per pound. Apparently, young growing chickens and turkeys 
have about the same vitamin G requirement. 

Certain fat acids, that is, linoleic, linolenic, and arachidonic acids, have 
been referred to as vitamin F. Whether or not the growing chicken 
req^uires these fat acids is not known. In addition to the vitamins 
wluch have been discussed here, the growing chicken requires the (1) 
chick antidermatosis factor, (2) vitamin K, (3) the anti-gizzard- 
erosion factor, and probably (4) vitamin B4. There is, however, 
little information about the quantitative requirements of the growing 
chicken for the last three of these four factors. According to the 
available information, the feed of growing chickens should contain 
about 0.9 modified Jukes-Lepkovsky unit of the chick antiderma¬ 
tosis factor per pound. 


NUTRITIVE REQUIREMENTS OF CHICKENS BEING FINISHED (FATTENED) FOR MARKET 


The nutritive requirements of chickens that are being finished, or 
fattened, for market depends on their age. Broilers should be fed 
essentially the same kind of diets that are usually fed to growing 
chickens, but roasters, capons, and fowls are best finished on diets 
that contain considerably less protein. 

Ordinarily no advantage is gained by feeding broilers a special 
finishing diet; however, fish oils and fish meals are best omitted from 
the diets of growing chickens about 2 weeks before they are to be 
marketed, or the flesh of the chickens may have a fishy taste. Some¬ 
times, however, a special diet is fed to broilers for several days before 
they are killed. This is done primarily for the purpose of improving 
the market quality and hence the value of the carcass. ^ Finisliing 
diets for broilers should contain about 18 percent of protein (air-dry 
basis), and they should possess all the nutritive properties of a gow- 
ing diet but need not contain any special sources of vitamin D. How¬ 
ever, when the finishing diet contains no source of vitamin D, it is 
necessary for the dietary calcium-phosphorus ratio to be increased to 


unit for the measurement of the quantity of chick antidermatosis itwtor in fading 1 
the Jukes-Lepkovsky unit because these two workers at the University of California were the first 


w This_ 

nated as the Jukes-Lepkovsky- ^ 

to dovise a method of assaying foodstuffs for this factor. 
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about 2.3:1 to prevent the development of brittle wing and 1^ bones. 

Diets for finishing roasters, capons, and fowls need not contain 
more than 14 to 15 percent of protein. The quantities of the several 
vitamins may be reduced to about one-half of those recommended 
for growing chickens. It is desirable that the calcium and phos¬ 
phorus content of diets for finishing these classes of market chickens 
be about 1 and 0.6 percent, respectively, oy in the ratio of about 2 to 1. 

F inishing diets should contain between 6 and 10 percent of fat (air- 
dry basis). Most finishing diets for market poultry do not contain 
this much fat, so it is a good practice to add some. Com oil has been 
found to be quite well suited for this purpose, although if the finishing 
period is prolonged it tends to make the skin of the birds yellow, 
which is not desirable on some markets. Other oils, such as red palm 
oil, rapeseed oil, and peanut oil may be used. The quantity of oil to 
add to a finishing diet depends on its fat content; ordinarily the proper 
amount is between 2.5 and 6 percent. - 

SUMMARY OF THE NUTRITIVE REQUIREMENTS OF CHICKENS AND TURKEYS 

The nutritive requirements of chickens and turkeys are summarized 
in table 5. In using this table reference should be made to the text. 
It will also be desirable to refer to the article that deals with the 
practices and economics of feeding poultry (p. 819). 

Table 5. —Requirements of different classes of chickens and turkeys for protein, minerals 
and vitamins for satisfactory strowth and development under various conditions observed 

in practice 

CHICKENS 


Class 

Protein ‘ 
as pro¬ 
portion 
of total 
feed 

Phos¬ 
phorus 
as pro¬ 
portion 
of total 
feed 

Calcium 
as pro¬ 
portion 
of total 
feed 

Manga¬ 
nese in 
total 
feed 

Vitamin 
A per 
pound 
of total 
feed * 

Vitamin 
B per 
pound 
of total 
feed 

Vitamin 
D per 
pound 
of total 
feed 

Vitamin 
G (ribo¬ 
flavin) 
per pound 
of total 
feed 






Interna¬ 

Interna¬ 


Gammas 





Parts per 

tional 

tional 

chick 

(or micro- 


Percent 

Percent 

Percent 

million 

Units 

Units 

units 

grams) 

Growing chicks- 

21 

0.7 

1.1 

50 

1, 450 

180 

180 

1,670 

Laying stock. 

16 

1.0 

2.4 

50 

3.150 

180 

360 

680 

Breeding stock. 

16 

1.0 

2.4 

60 

4,720 

180 

540 

1,250 



TURKEYS 


Growing poults- 

25 

1.0 

1.6 

60 

3,630 

180 

360 

1,670 

Breeding stock. 

16 

1.0 

2.4 i 

60 

4. 720 

180 

540 

1,250 


> The protein must be of reasonably pood quality: and it is desirable that not less than 20 percent be 
derived from animal sources. 

> If the feed is to be stored for more than a month btdore it is fed, not less than 70 percent of the vitamin A 
should bo derived from plant sources. 










PRACTICAL FEEDING OF POULTRY 


by Harry W Titus' 


IN THIS ARTICLE the four principal systems of poultry 

feeding—all-mash, mash-grain, pellet, and grain-milk—are described, and 
numerous combinations of feedstuffs are given, with recommendations 
for quantities, to fit various farm conditions. There is a discussion of 
nutritional disturbances from the standpoint of cause and cure, and of 
the relation of certain management practices to good nutrition in poultry. 
Tables at the end of the article give analyses of most of the common 
feedstuffs available to poultrymen. 


When poultry is kept primarily as a source of income, as it is in 
most instances, it is desirable to have as much knowledge as possible 
of the factors that influence the cost of production. The various 
studies that have been made of the economics of poultry keeping 
indicate that feed accounts for 50 to 60 percent of the total cost of 
>roducing poultry meat and eggs. The prices of feeding stuffs vary 
rom year to year and even from season to season; and so it sometimes 
lappens that a feeding stuff which it is economical to use at one 
time may not be economical at some other time. Thus, it is readily 
apparent that careful thought should be given to the nutritive value 
of the feeding stuffs used, their cost, their mutual replaceability, and 
their suitability. . . 

In general, if a profit is to be made, all the necessary nutritive 
elements must be supplied in adequate quantities and as cheaply as 
possible. Frequently the cost of the feed may be reduced appreciably 
by the substitution of one feeding stuff for another; but there are 
times when a certain feeding stuff can be replaced only by a combina¬ 
tion of two or more other feeding stuffs. Whenever substitutions are 
made, the resulting diet should be carefully checked to find out 
whether or not it contains enough of all the necessary nutrients, 
especially protein, minerals, and vitamins. The tables in the appen¬ 
dix will aid poultrymen materially in making substitutions. 

* Harry W. Titus is Senior Biological Chemist, in charge of Poultry Nutrition Investigations, Bureau of 
Animal Industry. q 
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SUPPLYING THE NUTRITIVE ELEMENTS 

In selecting the ingredients to be used in compounding any diet, 
consideration should be given to their palatability. Of two feeding 
stuffs of equal cost and apparently equal nutritive value, the more 
palatable should be chosen. Palatability is of great importance 
because any marked reduction in feed consumption usually results in 
slower growth or a reduced egg production. 

The so-called texture of a feed mixture is also of great importance. 
The fineness to which the several ingredients are ground is one factor 
influencing both texture and palatability. Feed mixtiires that are too 
finely ground or that would form a sticky mass in the mouth and be 
swallowed with difficulty should not be used. A gramdar, loose-textured 
mixture of feeding stuffs is nearly always palatable and therefore to be 
preferred. Of course, the feed particles in a diet intended for very 
young chicks should be smaller than those in a diet intended for older 
chickens, but in no case should they be of a flourlike fineness. 

As a result of our knowledge of the nutritive properties of feeding 
stuffs it is possible to choose the ingredients of a diet on the basis of 
their ability to serve as sources of one or more specific nutrients. For 
example, the cereal grains are used as sources of readily digestible 
carbohydrates, but generally yellow corn is preferred to ail the others 
because it is a better source of vitamin A. Dried skim milk is used be¬ 
cause it is a relatively good source of vitamin G (riboflavin) and of 
protein of excellent quality. Fish meal and meat scrap are also good 
sources of protein of very good quality and in addition supply rela¬ 
tively large quantities of calcium and phosphorus. Bran and mid¬ 
dlings are sources of several of the vitamins and vitaminlike factors 
and tend to improve the texture of a mixture of feeding stuffs. Alfalfa 
meal and alfalfa-leaf meal are good practical sources of vitamins A 
and G and some others as well. Cod-liver oil and other fish oils are 
used as sources of vitamin D and sometimes of vitamin A. Linseed 
meal is a source of certain so-called essential fat acids and, if the proper 
quantity is used, tends to impart desirable physical properties to the 
feed masses in the intestines and to the excreted fecal masses so that 
they are less likely to soil the eggs. 

THE ENERGY-PRODUCING NUTRIENTS 

Although all the usual ingredients of typical diets for poultry, 
except salt, limestone, and oystershell, supply some energy, the chief 
sources of energy are the cereal grains and the grain sorghums. The 
latter, however, are not used so extensively in the feeding of poultry 
as are the former. 

A fairly large number of experiments have been conducted to deter¬ 
mine the relative value of the different grains when they are fed at the 
same level in otherwise similar diets. The results show little difference 
in the gains of Rowing chicks regardless of which grain is used, provided 
the diets contain all the necessary protein, vitamins, and minerals. Oat¬ 
meal is somewhat more efficient in producing ^ains in live weight than 
corn, wheat, barley, or whole oats, but usually it is also more expensive. 

For laying hens corn appears to be slightly superior and oats slightly 
inferior to barley and wheat. For chickens being finished for market, 
there seems to be little or no difference between diets that contain 
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equal quantities of com, wheat, oats, or barley. There is some evi- 

flesh of chickens finished on diets containing 
chiefly com or barley is superior to that of those finished on diets 
contamu^ chiefly wheat or oats. White com and oats are widely 
used in finishing diets because they do not tend to color the skin 
yellow as does yellow corn. 

Notwithstanding the statements just made, the relative nutritive 
values of the cereal grains and grain sorghums are rouglily indicated 
by their content of total digestible nutrients. Selected data on the 
digestibility in the chicken of a small number of feeding stuffs are given 
in table 8 (p. 842). As has been pointed out, however, many feeding 
stuffs are included in the diet because they possess cert6iin specific 
properties, so it is clear that the content of total digestible nutrients 
should not be used as the sole criterion in deciding whether or not to 
make a substitution of one feeding stuff for another. For example, 
if a diet that contains yellow corn supplies only slightly more vitamin 
A than is needed, it would be inadvisable to substitute oats, wheat, 
or barley for the yellow corn, even though they may be considerably 
cheaper as sources of digestible nutrients. Tlic substitution should 
be made only if sufficient vitamin A is supplied through the use of 
some other suitable feeding stuff, such as alfalfa-leaf meal, and the 
advisability of the change would be determined by the cost of the 
resulting diet as compared with the cost of the original diet. 

THE PROTEIN 

There are many different proteins, but all of them are composed of 
a relatively small number of comparatively simple compounds known 
as amino acids. The cliicken is able to make m its own body some, 
but not all, of these amino acids, and unless most of those which it 
cannot make are present in the feed normal nutrition is impossible. 
A protein is said to be of good quality if it contains a sufficient quan¬ 
tity of the amino acids the ammal is unable to make but which it 
requires for normal growth and reproduction. In the practical feed¬ 
ing of animals two classes of proteins are commonly referred to—those 
derived from plants and those derived from animals, or plant proteins 
and animal proteins. In general the animal proteins are superior in 
quality to the plant proteins. 

Owing to the variability of the several protein supplements used in 
compounding diets for poultry, it is not possible to state their relative 
values for growth or reproduction in precise terms. Nevertheless, it 
is possible to indicate their relative values in a qualitative way by 
iiaing a system of numbers in which 1 represents the highest value, 
2 the next highest, 3 the next, and so on. According to studies of 
Mussehl and Ackerson {832y and data obtained at various times by 
the writer and his associates, the more common protein supplements 
may be rated as follows: 

Dried skim milk- 1 

Dried buttermilk.. 1 

Fish meal (best grades). 1 

Meat scrap......- 2 

Fish meal (poorer grades)- 2 

Hempseed meal...— 2 

»Italic Dumbers In parentheses refer to Literature Cited, p. 


Soybean meal_ 2 

Peanut meal- 2-3 

Cottonseed meal.-- 3 

Linseed meal_ 4 

Corn-gluten meal- 4 

Soybeans_ 4 
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According to data obtained by Willis, Norris, and Heuser {1221), 
the best grades of fish meal are whitefish meal (either vacuum or 
steam dried) and the domestic sardine meal. Flame-dried menhaden 
fish meal usually has been the poorest of those used in feeding chickens, 
but since 1935 there have been marked improvements in it. The 
domestic fish meals are usually greatly superior to the imported. 

Wil^us, Norris, and Heuser {1221) also obtained data on the relative 
“protein eflficiency” of several kinds of meat scrap that differed from 
one another in their protein content. Apparently the best was the 
one that contained about 55 percent of protein, although it apparently 
was but little better than the one that contained 60 percent. How¬ 
ever, the protein content of meat scrap cannot be used as a reliable 
indicator of the protein efficiency of this product because the propor¬ 
tion of the different materials that are used in its manufacture varies 
according to the demand for them for other purposes. During the 
last year or two, as a result of a change in the demand for some of 
these materials, particularly those used in the manufacture of glue 
and gelatine, meat scrap "that contains the higher percentages of 
protein has tended to be of better quality than it was when Wilgus, 
Norris, and Heuser obtained their data. 

It is a well-established fact that some proteins supplement each 
other—that is, give better results when fed together than when fed 
alone. The experiments of Ackerson, Blish, and Mussehl {12) indi¬ 
cate that one-third of a mixture of fish meal and meat meal may be 
replaced by soybean meal without any decrease in the relative value 
of the mixture as a protein supplement. Unpublished data obtained 
at the Department’s Southwest Poultry Experiment Station, Glendale, 
Ariz., have shown that a mixture of equal parts of meat scrap and 
hempseed meal has about the same value as meat scrap. 

It is not possible to give hard and fast rules for selecting protein 
supplements, because they vary in their nutritive value. However, 
in order to insure that the protein in the diet is of suitable quality, it 
is a good practice to derive between 20 and 40 percent of it from feed¬ 
ing stuffs of animal origin, such as dried skim milk, dried buttermilk, 
fish meal, and meat scrap. 

THE MINERALS 

In order to supply all the mineral elements that the chicken re¬ 
quires, it usually is necessary to include in the diet some calcium car¬ 
bonate, salt, and manganous sulfate. Occasionally it is desirable to 
add some steamed bonemeal as a source of phosphorus. 

The best sources of calcium carbonate are high-calcium limestone 
and oystershell. Limestones that contain not less than 39 percent of 
calcium are to be preferred to all other grades, but those that contain 
between 32 and 39 percent may be used. Oystershell that has been 
obtained in the shucking of oj^sters is ordinarily better than the so- 
called oystershell that is obtained from shell deposits, because the 
former nearly always has a liigher calcium content. Good grades of 
properly cleaned oystershell contain approximately 38 percent of cal¬ 
cium. If a given lot of oystershell contains appreciably less than this 
percentage of calcium, it is an indication that it may have been 
obtained from shell deposits. 

Any good grade of common salt may be used. It is desirable. 
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however, that it be finely granular and free flowing. If lumps are 
present, the salt should be passed through a fine-meshed sieve in 
order to insure that there will be no lumps in the feed. Iodized salt 
may be used if desired. 

Anhydrous manganous sulfate is the form in which manganese 
is most commonly added to feed mi.xtures for poultry, and it is also 
one of the most suitable forms. If it is not readily obtainable, 
manganous sulfate tetrahydrate may be used, but this supplies only 
about two-thirds as much manganese as the anhydrous product so 
that almost half again as much must be used. 

When the diet contains little or none of the animal protein supple¬ 
ments, it is desirable and sonietinies necessary to add some form of 
calcium phosphate. The most suitable fonn is steamed bonemeal. 
Raw rock phosphate should not be used unless it is definitely known 
that it contains no fluorine. 

THE VITAMINS 

Vitamin A 

In fonnulating diets for chickens, it is necessary to give special 
attention to the matter of supplying vitamin A. There arc two 
reasons for this: (1) The chicken’s vitamin A requirements for growth 
and reproduction are relatively high, and (2) vitamin A is not very 
stable m feed mixtures. 

Fraps and Kemmercr {388) found that mider the climatic conditions 
at College Station, Tex., practically all the vitamin A, added to 
feed mixtures in the fonn of cod-liver oil, other fish oils, or cod-liver- 
oil concentrates, was lost after about 4 weeks of storage. They also 
found that the addition of the antioxidant, hydroqninone, delayed 
the destniction by only a week or two. Although climatic conditions 
are probably somewhat more conducive to the destruction of vitamin 
A in mixed feeds at College Station, Tex., than throughout the rest 
of the country on the average, the fact remains that under ordinary 
conditions during the wanner months of the year the destruction 
of vitamin A, when added in the fonn of fish-hver oils, fish oils, or 
concentrates of these oils, may be virriially complete after 4 months. 

The richest source of vitamin A used in feed mixtures for poultry 
is so-caUed fortified cod-liver oU, which is cod-liver oil to which 
vitamin A and vitamin D concentrates from other fish oils or fish- 
liver oils have been added. It contains, on an average, somewhat 
more than 1,300,000 International Units of vitamin A per pound. 
Straight cod-liver oil, which averages a little more than 340,000 
units per pound, is the next richest source. Although some lots of 
dehydrated alfalfa-leaf meal may contain over 200,000 units of 
vitamin A activity per pound, the average for alfalfa-leaf meals in 
general is about 60,000. Sardine oil has a vitamin A activity of 
about 45,000 units per pound. Other feedmg stuffs that may be 
used as important sources of vitamin A activity are, in decreasing 
order of potency: Com-gluten meal made from yellow com, garden 
peas, yellow com, field peas, wheat-germ meal, and cowpeas. under 
the various conditions under which poultry are kept, the most practical 
source of vitaimin A activity is high-grade alfalfa-leaf meal; yellow 
com is also a good practical source but its potency is much less than 
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that of alfalfa-leaf meal. Fresh green grass is an excellent source, 
having on an average about 107,000 International Units of vitamin 
A per pound, but it is not always available. The vitamin A content 
of a number of feeding stuffs is given in table 9 (p. 842).^ 

The situation in regard to the precursors of vitamin A—those 
substances in the feed which most animals are able to convert into 
vitamin A in their bodies—^is somewhat different from that of vita¬ 
min A itself. For example, carotene, one of these precursors, is 
relatively more stable than vitamin A, even when it is extracted from 
plant materials and then added to the feed in the form of an oil 
solution. Moreover, the precursors of vitamin A are much more stable 
in the feeding stuffs in which they occur than they are in oil solutions. 

Although com may lose about 50 percent of its vitamin A activity 
and dehydrated alfalfa-leaf meal as much as 85 percent after 9 or 
10 months of storage, some samples of these feeding stuffs may retain 
some vitamin A activity after 18 months or more of storage. The 
important point, however, is that all feedmg stuffs tend to lose 
vitamin A activity with age. Furthemiore, the rate of loss is in¬ 
creased if they are ground and mixed with other feeding stuffs to 
make a feed mixture. 

Vitamin Bi 

Vitamin Bi appears to be rather stable in feeding stuffs and in 
feed mix tures. Inasmuch as the minimum vitamin Bi requirement 
of the chicken is only about 90 International Units per pound of feed, 
and most if not all grains, seeds, and their byproducts contain at 
least 200 International Units per pound, there is little likelihood that 
typical diets of poultry will be deficient in this vitamin. 

Vitamin D 

Under the usual conditions of brooding, the chicks may not receive 
enough vitamin D unless some is added to their diet. Likewise, 
laying stock may not get enough of this vitamin if they do not get 
plenty of sunshine. Accordingly, it is necessary to add some vitamin 
D to the diet of laying stock kept in confinement. Even if the chickens 
are given access to range, they may not get enough sunshine during 
the winter months to meet their vitamin D requirements. In general, 
it is a good practice to add some vitamin D to all diets fed to chickens 
unless the chickens have access to plenty of sunshine—and this rarely 
happens except during the late spring, summer, and early fall. It is 
especially desirable to add some vitamin D to the diet of growing 
chicks during their first 8 weeks no matter what season of the year 
they are brooded and whether or not they have access to sunshine. 

Vitamin D is much more stable in feed mixtures than is vitamin A; 
feed mixtures may be kept for 6 months or longer without any serious 
loss of vitamin D occurring. Most feeding stuffs contain little or none 
of this important vitamin. As in the case of vitamin A, the richest 
source of vitamin D used in feed mixtures for poultry is fortified cod- 
liver oil. It contains on an average somewhat more than 180,000 
A. O. A. C. chick imits ® per pound. Straight cod-liver oil averages 
about 46,000 units per pound and cannot legally be sold as such if it 

3 The stiadttd unit of the A. O. A. C.—the Association of Official Agricultural Chemists. See footnote 
9.P.797.;; 
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contains less than 86 units per gram, which is about 38,590 units per 
pound. Sardine oil has about the same vitamin D potency as straight 
cod-liver oil and is widely used in feed mixtures for poultry. 

Yitamin E 

So far as is known, vitamin E is quite stable under ordinary condi¬ 
tions but it is quickly and almost completely destroyed by contact 
with rancid fats. For this reason, it is inadvisable to use feeding 
stuffs or feed mixtures that show any indication of being rancid. 
There are few truly quantitative data on the vitamin E content of 
feeding stuffs; however, this vitamin is widely distributed in nature. 
Green leaves and the germs of seeds are the best of the known sources; 
it is also found in some fresh fats and oils. The approximately relative 
vitamin E content of about a score of feeding stuffs is given in table 9 
(p. 842). 

Vitamin G (Riboflavin) 

Vitamin G (riboflavin) is also quite stable under the usual conditions 
of feed storage. The richest sources are liver and other glandular 
tissues, yeast, dried whey, and dried skim milk. Alfalfa, if properly 
harvested and cured, is a very good source and, in general, alfalfa- 
leaf meals contain more than straight alfalfa meals. Fish meals, meat 
scrap, and wheat-germ meal are fair sources. The cereal grains con¬ 
tain relatively very little. The most practical sources of vitamin G 
are alfalfa-leaf meal, dried skim milk, dried buttermilk, and dried 
whey._ Alfalfa-leaf meal is a particularly desirable source of this 
vitamin because it also is a very good source of vitamins A, E, and K, 
and a fair source of vitamin Bj, the chick antidermatosis factor, and 
the anti-gizzard-erosion factor. 

Vitamin K 

Vitamin K has been found in such diverse materials as hog-liver 
fat, hempseed meal, tomatoes, kale, and dried alfalfa. As yet, its 
occurrence has not been cataloged for a very large number of feeding 
stuffs. 

Anti-Gizzard-Erosion and Chick Antidermatosis Factors 

The anti-gizzard-erosion factor has been found in a number of 
materials, among which are wheat bran, alfalfa products, lung tissues, 
kale, pork liver and kidney, wheat middlings, and oats. 

The chick antidermatosis factor is present in grain, grain products, 
and various other feeding stuffs. Three of the richest sources are 
dried yeast, liver meal, and cane molasses. Other very good sources, 
in the approximate order of their relative content, are peanut meal, 
dirted whey, dried buttermilk, dehydrated alfalfa-leaf meal, dried 
skim milk, alfalfa meal, wheat bran, rice bran, and soybean meal. 

WATER AND 6RIT 

Water is an essential constituent of all animal tissues and is abso¬ 
lutely essential for all life processes, yet because it is so commoimlace 
its importance is frequently overlooked. A constant supply of fresh, 
clean water should be kept before poultry all the time. Although the 
water requirements are greater during hot weather than during cold, 
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there is a greater likelihood of poultry getting too little water during 

K ds of low temperature than at other times. This is because the 
are unable to break any ice that may form on the surface of the 
water and because of the chilling effect of ice-cold water.^ For these 
reasons, simple water-warming devices are usually a good investment. 

Although grit is not absolutely essential, it permits chickens to 
make more efl&cient use of whole grains and, of coarse, fibrous feeding 
stuffs. Apparently, grit also tends to prevent gizzard erosion in chicks 
when finely ground feed that contains little fiber is fed. Coarsely 
crushed oystershell and limestone may serve as grit but their use is 
not recommended because of the danger of the chickens consuming 
too much calcium in their effort to get enough grinding material. 
Therefore, it is desirable to feed all the required calcium in the feed 
and not. permit the chickens to have access to grit that contains 
calcium. In choosing a grit, care should be taken to select one that 
is insoluble and nonfriable—that is, cannot be crumbled. 'Ordinarily, 
the best materials for use as grit are river gravel and native pebbles; 
granite, feldspar, and quartz may also be used. 

TONICS, MINERAL MIXTURES, AND MISCELLANEOUS MATERIALS 

Much money is spent unnecessarily by poultrymen each year for 
tonics, conditioners, “egg-makers,” so-called complete mineral mix¬ 
tures, and other similar preparations. The best way to have healthy 
chickens is to feed them a well-balanced diet, keep them free of lice 
and mites, and keep their houses clean and sanitary. Tonics, condi¬ 
tioners, and egg-makers are of little or no value and merely serve to 
increase the total cost of producing poultry products. It is not pos¬ 
sible to prepare a complete mineral mixture suitable for use in all 
diets, and the use of such mixtures is not recommended. 

VICES AND NUTRITIONAL DISTURBANCES 

Although there is some evidence that the three common vices, feather 
picking, cannibalism, and egg eating, are in part the result of dietary 
deficiencies, overcrowding is undoubtedly also important among the 
causes. ^ Feather picking is usually the first of these vices to appear 
when birds are overcrowded. The exact nature of the nutritional 
deficiency involved is not known, but it has been found that feather 
picking is less likely to occur if the diet contains about 20 percent of 
barley or oats. Trimming back the beak is an effective means of 
curbing this vice. 

“Cannibalism” is a tenn used by some poultrymen in referring to 
the habit sometimes developed by chickens of picking one another’s 
toes, combs, vents, feathers, and other parts of the bodjr. Used in 
this sense, the term also includes feather picking; it is, however, 
more common to restrict its use to those cases where blood is drawn. 
Cannibalism is of most frequent occurrence in overcrowded flocks, 
but it may be due to some as yet unknown deficiency of the diet 
because the feeding of oats and barley appears to be of some value in 
prevention. As in the case of feather picking, trimming back the 
upper beak is an effective curb, but the use of ruby-colored window 
panes and ruby-colored electric lamps in the poultry house is often a 
simpler and cheaper means of preventing cannibalism. 
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Egg eating is also likely to develop as a result of overcrowding; 
however, the tendency to eat eggs is markedly stimulated by a defi¬ 
ciency of calcium in the diet. It has been observed also that this vice 
is likely_ to develop^ when the chickens do not get enough vitamin D. 
Other dietary deficiencies also may be contributing causes. 

In general, properly fed chickens grow well, lay well, and are 
healthy. If growth is slow, egg production poor, or mortality heavy, 
the cause may be an improperly balanced diet that supplies either 
too little or too much of certain nutrients. It is important, therefore, 
that the poultiyman be able to recognize the symptoms of nutritional 
deficiency and excesses. Unfortunately, many nutritional deficiencies 
produce the same general symptoms and it is not always possible to 
recognize the cause from the symptoms. However, there are a few 
deficiencies that produce more or less characteristic symptoms and 
these will be discussed briefly. 

A condition known as nutritional roup, which is sometimes mistaken 
by the layman for contagious catarrhal roup, is caused by a deficiency 
of vitamin A. It may appear in chickens of any age. The symptoms 
are a cessation of growth in young chickens, lameness or a staggering 
gait, discharge frorn the nostrils, swelling beneath the eyes, and dis¬ 
charge from the eyes; in severe cases blindness and, finally, death 
result. Examination after death shows swollen follicles in the esoph¬ 
agus, pale kidneys, and frequently white accumulations of urates in 
the kidneys and ureters. 

The symptoms of a deficiency of vitamin Bi are seldom observ’^ed 
under practical conditions, -but they may be produced rather easily 
in the laboratory. These symptoms are a loss of appetite, emaciation, 
general weakness and inability to stand, and spasmodic movements of 
the head and limbs. 

A deficiency of vitamin D in the diet of growing chickens produces 
rickets; but rickets may also be caused by a marked deficiency of 
either calcium or phosphorus or by a marked imbalance of these 
elements in the diet. The symptoms are poor growth, lameness 
accompanied by a stiff-legged gait, thickened leg bones and hock 
joints, and beading at the ends of the ribs. Spinal curvature and 
crooked breast bones may also be observed. In mature birds the 
symptoms of a deficiency of vitamin D are not so obvious, but a care¬ 
ful examination will show that the breast bones have become less 
rigid. The first symptom of a deficiency of vitamin D in the diet of 
laying stock is a thinning of the shells of the eggs. A marked defi¬ 
ciency causes a decrease m both egg production and hatchability. 

There are no easily recognized external symptoms of vitamin E 
deficiency in the chicken. Recently, it has been claimed that a 
deficiency of vitamin E causes chickens to become more susceptible 
to range paralysis but adequate proof that this is so is definitely lack¬ 
ing. It IS possible to prepare in the laboratory diets so deficient in 
vitamin E that they serioudy affect hatchability; however, in 
actual practice poor hatchability is much more likely to be the result 
of other deficiencies than it is of a deficiency of vitamin E. 

The chief symptoms of a deficiency of vitamin G are a retardation 
of the growth of chicks and a decrease in the hatchability of eggs. In 
growing chicks, a marked deficiency of vitamin G causes a twisted or 
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Figure L —Thii fcM>gter lived more than 4 years witliout a gizzard, thus proving that 
the gizzard is not an essential organ. 
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flexed condition of the toes that is referred to as “curled toe” paralysis. 

The symptoms of a deficiency of vitamin K have been prodxiced in 
the laboratory but they are seldom if ever observed under practical 
conditions. The symptoms, which are easily recognized, are the occur¬ 
rence of hemorrhages under the skin and throughout the various tis¬ 
sues of the body, and laboratory tests show a marked increase in the 
clottii^ time of the blood. 

There are no external symptoms of the condition known as gizzard 
erosion. This condition can be diagnosed only after the bird dies or is 
killed.^ (It has been proved, incidentally, that the gizzard is not an 
essential oi^an in the chicken. Figure 1 shows a rooster that lived 
more than 4 years after surgical removal of the gizzard.) There are 
several types of erosion; in one tj^e there are a number of threadlike, 
shallow fissures in the gizzard lining; in another there are small holes 
in the linings* and in still another type, there are small ulcers on the 
muscular wall at the site of the holes in the lining. 

The symptoms of a deficiency of the chick antidermatosis factor in 
the diet of growing chicks are sores and incrustations at the comers of 
the eyes and mouth, on the bottoms of the feet, and on the joints of the 
toes. Also, the feathering is rough and there is a failure of growth. 

Perosis (slipped tendons or hock disease) is caused by a deficiency of 
manganese in the diet. _ The gross symptoms are an enlargement 
of the hock joints, bending and rotational twisting of the leg bones, 
and, in advanced cases, a slipping of the tendons from their normal 
positions. 

At times laying chickens may consume too much calcium and when 
the excess is great enough the hatchability of the eggs may be appre¬ 
ciably decreased. The consumption of too much oystershell or lime¬ 
stone mt may also cause a slight diarrhea. The obvious remedy is to 
control the calcium intake by not giving the chickens grit that con¬ 
tains calcium^ and by using feed mixtures that supply just enough 
calcium for high eg^ production. 

Another cause of diarrhea is too much salt, which may be introduced 
into the diet by a mistake in weighing it out or by the inclusion of a 
fish meal of abnormally high salt content. The diarrhea may be slight 
or quite pronounced, depending on the quantity of salt consumed. 
Diarrhea may be caused also by feeding too much bran or too much 
milk. When egg soilage is excessive as a result of too moist or watery 
droppings, the various possible causes should be investigated, because 
even though the health of the birds may not be noticeably affected the 
market vmue of their e^s is decreased. 

It has been claimed that a high protein intake produces gout m 
chickens, but there is no good evidence that this is so. At ar^ rate too 
miuch protein is to be avoided because it tends to reduce the rate of 
growth and, if the excess is great enough, it may be a cause of damage 

to the kidneys. SYSTEMS OF FEEDING 

Nearly every poultryman has his own system of feeding,^ but most 
of the various systems may be classified as one of the following or as a 
modification of one of them: (1) All-mash, (2) mash-grain, (3) peUet, 
and (4) grain-milk. It cannot be said that one system is better than 
another under all conditions, but it is true that under certam condi- 
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tions one system may be superior to the others. In any case, it should 
be pointed out with as much emphasis as possible that it is far more 
important to supply poultry with adequate quantities of all the neces¬ 
sary nutrients than it is to follow any given system. Any system that 
insures adequate supplies of all the necessary nutrients is almost cer¬ 
tain to be successful from the standpoint of nutrition. However, any 
system that ignores the principles of sanitation and economics may 
fail, no matter how well the poultry may be nourished. 

THE ALL-MASH SYSTEM 

The all-mash system of feeding derives its name from the fact that 
all the feeding stuflfs used are suitably ground and mixed together to 
form a mash. In some cases, oystershell or limestone grit is fed in 
separate hoppers as a supplementary source of calcium; but it is gen¬ 
erally best to use an all-mash diet in which all the necessary calcium is 
included in the form of finely ground oystershell or limestone. 

In one simple modification of the all-mash system a part of the mash 
is moistened and fed as a crumbly wet mash m an effort to increase— 
or sometimes to maintain—feed consumption. Another modification 
is to omit dried milk from the all-mash mixture and to feed an equiva¬ 
lent quantity (roughly 10 times as much by weight) of liquid skim 
milk or liquid buttermilk. When there is a suflficient supply of liquid 
skim milk or buttermilk, some of the other protein supplements may 
be omitted from the all-mash mixture and the birds given all the liquid 
milk they will drink. 

It is generally accepted that the all-mash system of feeding is best 
for the first 4 to 6 weeks. Furthermore, it has^ been demonstrated 
repeatedly that this system is suitable for the entire period of growth. 
Nevertheless, many poultrymen prefer to begin feeding cracked grain 
some time between the fourth and eighth weeks, that is, to change to 
the mash-grain system. This, of course, is not necessary and perhaps 
is undesirable if the all-mash system is to be used after the pullets 
corne into production, but it is the proper thing to do if the mash- 
grain system is to be used. 

One of the chief advantages of the all-mash system in the feeding 
of laying stock is that it permits the poultryman to control the color 
of the yolks of the eggs produced. This is of considerable importance 
because on some markets a premium is paid for eggs with light-colored 
yolks. Another point is that this system tends to insure a greater 
uniformity of yolk color, which also is of great importance from the 
standpoint of the market value of the eggs; it appears likely that in 
future uniformity of color will be of much greater importance than 
lightness of color. Furthermore, there is some evidence that when 
the all-mash system is used, the hatchability of the eggs is more 
uniform. In any case, the all-mash system is satisfactory for caged 
or confined birds (fig. 2), as well as for those that have access to sun¬ 
shine and green range. This system is usually the best one for the 
inexperienced poultryman. 

THE MASH-6RAIN SYSTEM 

As its name implies, the mash-grain system involves the feeding of 
both mash and grain. It yields the best results in the hands of the 
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skilled feeder. It is more flexible than the all-mash system and 
penmts^ the poultryman who is_ familiar with the feed requirements 
of his birds to feed them accordingly. 

There are several modifications of this system. As in the all-mash 
system, the oystershell or limestone grit may he fed separately or it 
may be ground fine and included in the mash. Likewise, wet mash 
may be fed for the purpose of maintaining or increasing feed consump¬ 
tion. When cod-liver oil or a similar source of vitamin D is required, 
it may be mixed and fed with the mash, as it usually is, or it may be 
mixed fresh each day with a portion of the grain. Yolk color may be 
controlled by using a mash and a grain mixture that have very nearly 
the same effect on it. 

THE PELLET SYSTEM 

The pellet system of feeding is in effect a modification of the all¬ 
mash system in that an all-mash diet is first prepared and then made 
into pellets. It may be modified in the same ways as the all-mash 
system. The advantages claimed for it are that it does not permit 
the birds to pick out some of the ingredients and leave the others, 
and that it tends to reduce the quantity of feed thrown from the hop¬ 
pers and wasted. It does insure that all the birds will eat the same 
kind of feed, but at times the quantity of feed wasted may be as great 
as when the all-mash system is used. 

THE GRAIN-MILK SYSTEM 

When the grain-milk system is used the birds are usually given 
nothing but liquid skim milk or buttermilk to drink and are permitted 
to eat all the grain or grain mixture they want. Oystershell or lime¬ 
stone grit is fed in hoppers. The system is not suitable for feeding 
caged birds or birds otherwise confined. In general it is not recom¬ 
mended, but it may be used when plenty of good range is available 
and there is an abundance of liquid milk that, if not used in this manner, 
would have to be thrown away. This system may be used for both 
growing and laying chickens, but the former should be started on an 
all-mash diet. The feeding of the grain should be begun after the 
fourth week, the quantity being increased as rapidly as possible. 
The starting mash should not be discontinued abruptly but should be 
decreased gradually between the fourth and tenth weeks so that none, 
is being fed by the end of the tenth week. 

FEED FORMULAS 

Some typical formulas are given in tables 1-4 for all-mash diets 
and mashes with which grain or a grain mixture is to be fed. In 
preparing these feed mixtures, careful attention should be given to 
the selection of the ingredients. Only feeding stuffs of good quality 
should be used. Except in the case of oats, barley, and feeding stuffs 
of high fiber content, the ingredients should not be finely ground. 

MIXING THE INGREDIENTS 

All the in^re^ente should be thoroughly mixed so that there will be 
a uniform distribution of those present in relatively small quantities. 
It is best to weigh out first the more bulky ingredients and those that 
are used in greatest quantity, and then the other ingredients may be 
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added. It is a desirable practice to mix the salt and the other mineral 
supplements with some of the bran or middlings before adding them 
to the other ingredients. All oils should be mixed thoroughly with 
a suitable portion of the bran or ground com before they are added. 
If pulverized or very finely ground oats are an ingredient, it is prefer¬ 
able to mix the oil with a portion of them, because finely ground oats 
tend to prevent destmction of the vitamin A in the oil. 

ALL-MASH DIETS 

Diets for Growing Chickens 

The all-mash diets given in table 1 are suitable for the production 
of broilers and for the raising of breeding stock. Male birds to be 
marketed as roasters may be kept on these diets until they are of 
the proper weight. These diets may be fed to capons until they are 
3 or 4 months old, after which, for the sake of economy, the protein 
content should be gradually reduced by the addition of increasing 
quantities of grain until the grain amounts to as iniicli as 60 percent 
of the mixture. Pullets may be kept on these diets until within 5 
or 6 weeks of the time egg production is expected to begin, at which 
time a suitable all-mash laying diet should be substituted at such 
a rate that nothing else is fed for the last week or two. Males that 
are to be used for breeding may be kept on these diets until they are 
placed with the females. However, if the males are not to be placed 
with the females until they are more than 9 months old, they may 
be fed diets that contain considerably less protein, minerals, and vita¬ 
mins after the eighth or ninth month. 


Table 1.- ill-mash starting and grot ring diets 


Ingrcidient.N 

Diet 1 

Diet 2 

Diet 3 

Diet 4 


Percent 

Percent 

Percent 

Percent 

(iround yellow corn. _ _ _ . ... 

31.0 

30.0 

39.0 

32.0 

Finely ground oats or barley. . .... 

10.0 

10.0 

10.0 


Wheat middlings_ _ _ .. _ - _ 

20.0 

10.0 

16.0 

20.0 

Wheat bran.. .... . ...... 

6.0 

10.0 


16.0 

Dried skim milk or dried buttermilk _ _ . 

6.0 

10.0 

10.0 

5.0 

Meat scrap (55-i>ercent proteinl_____ 

5.0 

10.0 

5.0 

5.0 

Fishmeal.. . _ -- _ . 

5.0 


5.0 

5.0 

Alfalfa-leaf meal_ ____ 

7.0 

8.0 

6.0 

6.0 

Soybean meal.... . ___ 

6.0 

10.0 


6.0 

Corn-gluten meal .. . .. .. 




5.0 

Cottonseed meal..... ... . 



8.6 


Linseed meal . _ 

2.0 




Ground limestone or oy-stershell ... 

1.0 

1.0 

1.0 

1.0 

Salt mixture ‘.. . . -- - 

.5 

.5 

.5 

.6 

Cod-liver oiP________ 

.5 

.5 

.5 

. 5 

Total__ ___ 

__ 

1(H). 0 i 

1(X).0 

100. 0 

100.0 


1 A mixture of 100 parts of common salt ami 1.7 parts of anhytirous manganous sulfate (or 2,5 parts of 
manganous sulfate tetrahydrate). ^ . 

»If a fortified cod-liver oil that contains 400 A. O. A. C. chick units of vitamin D and 3,000 International 
Units of vitamin A per gram is used, only 0.125 percent need be included in the diet. 

A number of substitutions may be made in mixing the diets of 
table 1. Any of the cereal grains or grain sorghums may be substi¬ 
tuted for the yellow com and oats. Meat scrap and fish meal may 
be used interchangeably, but a good grade of fish meal is to be pre¬ 
ferred to meat scrap unless it costs appreciably more. Cottonseed 
meal, peanut meal, com-gluten meal, and soybean meal may be 
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substituted one for the other, but soybean meal is preferable to the 
others. Sardine oil may be used in place of the cod-liver oil. 

Diets for Laying and Breeding Chickens 

As pointed out in the article on Practical Nutritive Requirements 
of Poultry (p. 787) it probably is always best to feed lajring stock diets 
that will permit the production of eggs of l^h hatchability no matter 
whether the eggs are to be used for hatching or not. Accordingly all 
the diets given in table 2 are formulated for the production of eggs of 
high hatchability. However, good egg production m^ be obtained 
with diets that contain the quantities of vitamins A, D, and G that 
are suggested for laying stock in table 4 (p. 836). 

Table 2.— All-nmsh diets for laying and breeding stock 


Ingredients 

Diet 5 

Diet 6 

Diet 7 

Diets 


Percent 

Percent 

Percent 

Percent 

Ground yellow corn.... _ 

37.2 

41.0 

44.0 

39.5 

Finely ground oats or barley. 

10.0 

10.0 

10.0 


Wheat middlings_ _ 

20.0 

10.0 

16.0 

20.0 

Wheat bran... _____ 

6.0 

10.0 


15.0 

Dried skim milk or dried buttermilk.... 

5.0 

5.0 

5.0 

5.0 

Meat scrap (56-percent protein).. 

2.0 

4.0 

2.0 

2.0 

Fish meal.... 

2.0 


2.0 

2.0 

Alfalfa-leaf meal... 

7.0 

7.6 

7.0 

6.0 

Soybean meal... 

2.5 

4.5 

5.0 

2.0 

Com-gluten meal. 




2.0 

Linseed meal (old process). 

2.0 

2.0 

2.0 


Ground limestone or oystershell.. 

3.3 

3.0 

2.5 

3.5 

Special steamed bonemeal.. 

1.0 

1.5 

2.5 

1.0 

Salt mixture i... 

.6 

.6 

.6 

.6 

Cod-liver oil 2 . 

1.4 

1.4 

1.4 

1.4 

Total... 

100.0 

100.0 

100.0 

! 100.0 


1 A mixture of 100 parts of common salt and 1.7 parts of anhydrous manganous sulfate (or 2.5 parts of 
manganous sulfate tetrahydrate). 

> If a fortified cod-liver oil that contains 400 A. O. A. O. chick units of vitamin D and 3,000 International 
Units of vitamin A per gram is used, only 0.35 percent need be included in the diet. 

Several substitutions may be made in mixing the all-mash laying 
and breeding diets in table 2. If it is desirable to lighten the color 
of the yolks of the eggs, white com or any of the other grains or grain 
sorghums may be substituted for the yellow com. If the color of the 
yolks is to be further lightened, the alfalfa-leaf meal may be reduced 
to 5 percent by substituting an equal weight of dried skim milk or 
dried whey for the amount omitted. Meat scrap and fish meal may 
be used interchangeably. Peanut meal, com-gluten meal, and soy¬ 
bean meal may be substituted one for the other. 

MASHES WITH WHICH GRAIN IS TO BE FED 

In compounding mashes wUh which grain is to be fed, it is necessary 
to make suitable allowance j||l|p the fact that the various grains are 
relatively poor sources of vitamin G. Likewise, when grains other 
than yellow com are used, the vitamin A content of the mash shoi^d 
be somewhat greater than it need be othervuse. Because grains 
supply virtually no vitamin D, all mashes that are to be fed with grain 
should contain about twice as much vitamin D as^ all-mash diets. 
Care must dso be taken to insure that the combination of mash and 
grain supplies the proper quantities of calcium and phosphoms. 
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Mashes for Growing Chicks 

The starting and growing masiies given in table 3 are intended for 
use when the mash-grain system of feeding is used. Finely cracked 
corn or other grain may be fed simultaneously with these mashes any 
time after the chicks are 2 weeks old. Only a small quantity of grain 
should be fed at first, but the quantity may be gradually increased 
until approximately equal quantities of grain and mash are being fed 
by the time the chickens are 14 to 16 weeks old. Any suitable mixture 
of grains may be used, such as one consisting of equal parts by weight 
of com and wheat, of corn and oat groats, or of com, wheat, and oat 
groats. After the chickens are 6 to 8 weeks old, whole oats may be 
used in place of the oat groats and coarsely cracked corn may be used 
in place of the more finely cracked corn. After the chickens are 
about 12 weeks old whole corn may be fed. 


Table 3. —Starting and growing mashes with whwh grain or a grain mixture is to be fed 


Ingredients 1 

Mash 9 1 

Mash 10 

Mash 11 

Mash 12 


Pneent 

Percent 

Percent 

Percent 

(1 round yellow corn. _ _ 

17.7 

18.9 

25.3 

17.5 

Finely ground oats or barley.-.. _ 

10.0 

1 12.0 

10.0 


Wheat middlings. . .. . _ ... 

20.0 

12.0 

20.0 

30.0 

Wheat bran. . . .. .. -i 

8.0 

12.0 


10 0 

Dried skim milk or dried buttennilk . .. ... 

10.0 

10.0 

10.0 

10.0 

Meat scrap (55-pcrcent protein').. ... 

6.0 

10.0 

5.0 

5.0 

Fishmeal.. -- 

6.0 


5.0 

4.0 

Alfalfa-leaf meal... 

10.0 

10.0 

10.0 

10.0 

vSoybean meal.-. 

4.0 

10.0 ! 

1 

4.0 

Corn-gluten meal. 

. 



4.0 

Cottonseed meal.-.. . . 



10.0 


Linseed meal (old process).. .. 

1 3.0 




Ground limestone or oyster<?hell-. - - — — 

1.3 

i.i 

1.7 

2.0 

Special steamed bonomoal.. 

1 2.0 

2.0 

1.0 

1.5 

Salt mixture i.-. 

! 1.0 

1.0 ! 

1.0 

1.0 

Cod-liver oil*. . 

1.0 

1.0 

1.0 

1.0 

Total.-.— — 

100.0 

100.0 

100.0 

100.0 


1 A mi.xture of 100 parts of coinriion salt and 1.7 parts of anhydrous inanpanous sulfate (or 2.5 parts of 
nianRanous sulfate tctrahydrate). 

2 If a fortified cod-liver oil that contains 400 A. O. A. C. chick units of vitamin 1) and 3,000 International 
Units of vitamin A per gram us used, only 0.25 iiercent need be included in the mash. 

In mixing the mashes given in table 3. any grain, grain sorghum, or 
a mixture of grains and grain soi^hums may be used in place of the 
yellow com; meat scrap and fish meal may be used interchangeably; 
cottonseed meal, peanut meal, corn-gluten meal, and soybean meal 
may be substituted one for the other; and sardine meal may be used in 
place of cod-liver oil. 

Mashes for Laying and Breeding Stock 

For the best results, an equal qimntity of grain should be fed with 
the laying and breeding mashes given in table 4. Oystershejl or 
limestone grit should never be given to the chickens when these mashes 
are used. Either whole or cracked com may be fed with these mashes; 
but, if desired, mixtures of corii and oats or of com, wheat, and oats, 
or mixtures containing the grain soi^hiims may be used. 

A few substitutions may be made in mixing the mashes given in 
table 4. Any grain may be substituted for the oats or barley in 
mashes 13, 14, and 15. Either meat scrap or fish meal may be used 
to the exclusion of the other. Peanut meal, com-gluten meal, and 
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soybean meal may be substituted one for the other; but if light- 
colored yolks are desired, com-gluten meal should not be used. If 
it is desu'able to lighten the color of the yolks, a grain mixtiu'e that 
contains no yellow corn may be used. Further reduction of yolk color 
may be had by replacing a third of the alfalfa-leaf meal vpith an 
equal weight of dried skim milk or dried whey. Sardine oil may 
replace the cod-liver oil. 

Table 4. —Laying mashes with which ffrain or a gyain mixture is to be fed 


Ingredients 

Mash 13 

Mash 14 

Mash 15 

Mash 16 

Finely ground oats or barley.... 

Percent 

17.5 

Percent 

19.0 

Percent 

23.3 

Percent 

Wheat middlings.T___ 

16.0 

16.0 

20.0 

31.5 

Wheat bran._._~. 

12.0 

10.0 

20.0 

Dried skim milk or dried buttermilk... 

10.0 

10.0 

10.0 

10.0 

Meat scrap (56-percent protein)... 

4.7 

10.0 

6.0 

4.5 

Fish meal..... 

4.7 

6.0 

6.0 

Alfalfa-leaf meal. .... 

14.0 

15.0 

. 16.0 

12.0 

Soybean meal........ 

5.5 

5.0 

6.3 

2.3 

Com-gluten meal -...... 

2.4 

Linse^ meal (old process)__ 

4.0 

4.6 

4.0 

Ground limestone or oystershell. 

5.9 

5.6 

5.3 

6.8 

Special steamed bonemeal .... 

2.7 

2.4 

3.1 

1. 5 

Salt mixture *... 

1. 2 

1.2 

1.2 

1.2 

Cod-liver oil*.. 

2.8 

2.8 

2.8 

2.8 


Total.... 

100.0 

100.0 

100.0 

100.0 


1 A mixture of 100 parts of common salt and 1.7 parts of anhydrous manRanous sulfate (or 2.5 parts of 
manganous sulfate tetrahydrate). 

3 If a fortified ood-liver oil that contains 400 A. 0. A. C. chick units of vitamin D and 3,000 International 
Units of vitamin A per gram is used, only 0.7 percent need be included in the mash. 

FEED MIXTURES FOR TURKEYS 

In^much as turkeys are usually raised under somewhat different 
conditions from those under which chickens are raised, and as 
very young turkeys require somewhat more protein, vitamin A, 
and vitamm D,_ a series of special formulas of feed mixtures for this 
species is given in table 5. 

Table 5. —Feed mixtures for turkeys 


Ingredients 

Starting mashes 

Growing mashes 

All-mash laying 
diets 

No 

range 

Fair 

range 

Good 

range 

No 

range 

Kange 

17 

18 

19 

20 

21 

22 

23 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Ground yellow com.. 

18 

15 

20 

34 

25 

30.0 

30.0 

Finely pulverized oats or barley... 

16 

20 

16 

12 

26 

20.0 

20.0 

Wheat middlings or shorts. 

12 

12 

16 

12 

20 

22.0 

24.6 

Wheat bran.... 

12 

10 

10 

12 

10 

6.0 

6.0 

Dried skim milk or dried buttermilk-.__ 

10 

7 

10 

10 


6.0 

4.0 

M:eat scrap (66-percent protein).*_ 

18 

7 

6 

13 

19 

4.0 

3.5 

Fish meal (preferably sardine).. 

8 

7 




3.0 

2.0 

Alfalfa-leaf meal__ 

10 

10 

10 

6 


6.0 

4.5 

Com-gluten meal.. ......___ 


10 

10 



Ground limestone or oystershell. 



2 



4.0 

4.0 

Special steamed boneme^... 



2 

. 




Salt or salt mixture >. 

1 

1 

1 

1 

i 

.6 

.6 

Cod-liver oil *______ 

1 

1 




1.6 

1.0 








Total. 

100 

100 

100 

100 

100 

100.0 

100.0 


1 To prevent perosls, it is desirable that the starting mashes and the all-mash laying diets contain some 
added manga n ese. To supply this manganese, use a mixture of 100 parts of common salt and 1.7 parts of 
anhydrous manganous sulfote (or 2.5 parts of manganous sulfate tetrahydrate). 

* If a fortified ood-liver ofl ^t contains 400 A. O. A. 0. chick units of vitamin D and 3,000 International 
Units of Vitamin A pcfjpiin is used, only one-fourth asmuch need be included in the mashes and all-mash 
diets. -vlTO- 
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A starting mash should be fed until the poults are 8 weeks old and 
then a suitable growing mash should be fed. It is desirable to begin 
the feeding of cracked corn, or a mixture of cracked grains, after the 
poults are 2^ weeks old. After changing to the growing mashes, any 
gram or grain mixture may be fed, but it is desirable to use a grain 
mixture that contains 50 to 75 percent of oats. No grain should 
be fed with the all-mash laying diets. It is unnecessary and un¬ 
desirable to feed ground limestone or oystershell grit with any of these 
feed mixtures; however, it is desirable to supply gravel or other in¬ 
soluble grit. 

MANAGEMENT 

Management is an important factor in the economical and efficient 
feeding of poultry. Abrupt changes in diet, insufficient hopper space, 
the use of stale feed, and poorly lighted hovises all tend to decrease 
feed consumption and hence to retard growth or slow up the rate 
of egg production. Thus, attention to what may bo considered as 
minor details may at times mean the difference between success and 
failure in poultry raising. 

When poultry, is kept without access to the soil and to sunshine, 
much more attention must be given to the diet. This is accounted 
for in part by the facts that sunshine may serve as a source of some 
or even all the vitamin D that is required and that the green growing 
grass and other plants may serve as sources of all the other vitamins. 
Fiirthermore, poultry that has access to the soil (fig. 3) is less likely 
to suffer from a deficiency of some of the mineral elements, for example, 
manganese, than is poultry that is kept off the soil. 

Feed left in the hoppers from the preceding day is usually not so 
palatable as fresh feed; therefore it is good practice to give the birds 
only a little more feed each day than they will eat. The fresh feed 
should be mixed in the hoppers with the small residues from the pre¬ 
vious feedings so that there will he no accumulation of old feed at the 
bottoms of the hoppers. Furthermore, if the feed mixture contains 
cod-liver oil or other fish oil, no more than can be fed within 10 days 
or two weeks should be mixed at one time. This precaution should 
be observed very carefidly when the oil is depended on as the chief 
source of vitamin A. 

Abrupt changes u\ the diet are to be avoided in the feeding of laying 
stock, especially after the peak of production is reached, because they 
may cause the birds to begin molting somewhat earlier than they would 
otherwise. If for any reason a change in diet must be made, it should 
be made gradually over a period of at least a week or 10 days. 

It is very important that there be sufficient hopper space, otherwise 
the birds may not be able to get all the feed they require. If through¬ 
out the day the birds are crowded around the hoppers, more hoppers 
should be used. Careful observation of the birds at the feed hoppers 
is the best guide to follow in providing hopper space. 

It is a common practice, when grain or a grain mixture is used,^ to 
feed it in the litter in order to give the birds some exercise in obtaining 
their feed. Experience gained by feeding chickens in batteries 
indicates, however, that the value of this exercise has been overrated 
very much. In any case, the feeding of grain in the litter is to be 
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condemned as an insanitary practice. The better practice is to feed 
all gram, or so-called scratch feed, in hoppers. 

When birds are confined in houses, attention should be given to 
lighting. If the houses are poorly hghted, feed consumption may be 
adversely affected. Artificial lighting is sometimes used to increase 
the length of the feeding day during the fall and winter. Properly 
used, artificial lighting tends to increase the production of eggs during 
the fall and to maintain it during the winter. Apparently, however, 
it has little effect on the total annual egg production. If artificial 
lighting is to be used, it should be started about tlie first of October, 
and at times it may be advantageously started somewhat earlier. The 
total period of light from both natural and artificial sources should be 
about 14 hours. Both morning and evening lighting may be used to 
lengthen the feeding day, but unless dimming devices are used to end 
the evening lighting, it is best to use artificial light only in the morning. 

APPENDIX 

Table 6.— Averap^o composition of some feedstuffs used in the feeding of poultry 


Feedstuff 

^fob^. 

ture 

Ash 

Crude 

protein 

Carboiiydrates 

Crude 

1 extract 

i 

Fat, or 

1 other 
j extract 

Grains and seeds 

l*ercent 

rerceni 

Percent 

Percent 

Percent 

I*ercent 

Barley... 

10.4 

2.9 

11.8 

5.9 

66.9 

2.1 

Barley (Pacific Coast States)... 

10.1 

2.6 

8.7 

6.7 

71.0 

1.9 

Beans, navy... 

13.4 

3.6 

22.7 

5.8 

63.0 

1.6 

Beans, pinto.... .. 

9.1 

4.6 

22.7 

4.5 

58.0 

1 2 

Bread.. . ... 

33.8 

1.6 

7.9 


.66, 4 


Brewers' grains, dried... 

7.0 

3. 7 

26.2 

14 7 

41.8 

6. 6 

Broonicorn.. .... 

11.0 

3.1 

10.6 

8.3 

63.0 

3. 6 

Buckwheat...... 

11 9 

1.8 

10. 1 

10.4 

63. 6 

2. 3 

Buckwheat middlings. . ... 

11.4 

4.7 

28.6 

6,0 

42.2 

7. 1 

Coconut meal (old process)... . 

9.3 

6.1 

20.6 

U.l 

44 7 

S.3 

Corn...__ _ _ _ 

11.9 

1.3 

9.3 

2.1 

71.2 

4 2 

Corn, Argentine.. _ _ _ 

11.0 

1.7 

11.0 

1.8 

68. 8 

5.7 

Corn bran...____ ... 

9.9 

2.3 

9.9 

9.6 

61.6 

6.7 

Corn meal.... . .. 

U 2 

.9 

8 8 

l.l 

75. 6 

2.6 

Corn-gluten feed_ ___ _ 

t» 7 

6. 1 

26.9 

7.2 

48.6 

2.6 

Corn-gluten meal______ 

8.9 

1.6 

13.0 

2 6 

42.1 

1.9 

Cottonseed meal (41-percent protein). 

7.5 

6.8 

41.8 

11.4 

27. 1 

6.4 

Cowpeas.. .. . . 

Distillers'grains (corn) . .. ___ _ 

11.1 

3.6 

23. 6 

4.1 

66.3 

1 6 

7.0 

2.3 

1 31.2 

11.5 

37.8 

10. 6 

Durra... ... . 

10 0 

2.0 

10.2 

1.7 

72 6 

3 .6 

Feterita. 

10.2 

1.6 

13.2 

1.8 

70.2 

! 3.0 

Field peas______ 

9.3 

3.3 

23.3 

6.9 

67.0 

1.2 

Flaxseed.... . . 

10, 3 

4. \ 

22.3 

7 1 

23.1 

32. 8 

Garden peas__ _ 

11.8 

3.0 

26. 6 

4.4 

53.6 

1.6 

Herapseed. 

; 7.6 

6.9 

22.9 

18.6 

18.4 

26.6 

Hempseed meal.......-. _ 

Hominy (ijearlod).... .. 

7.3 

7.8 

31.7 

23.9 

25.3 

4.0 

11.8 

. 7 

7.4 

.6 

77.6 

1 9 

Hominy feed...... 

8.8 

2.9 

11.0 

6. 1 

65.6 

6.7 

Kafir.. 

11.7 

1.6 

11.5 

2.0 

70. 1 

3. 1 

Linseed meal (old process)... 

9.4 

^ 6.8 

36.3 

8.5 

35.0 

6.0 

Malt sprouts-------- 

7.9 

6.9 

26,0 

13.0 

45. 7 

1. 6 

Millet (proso). . . .. 

9.6 

3.4 

11.6 

8.7 

63. 1 

3. 6 

Milo .—.. 

11.0 

2.0 

n.o 

2.2 

70.9 

2.9 

Oats. . . . .-. 

10.1 

3.4 

11.2 

11.3 

59. 5 

4. 6 

r^ntinoAl nr rnlind nn.f.<i 

8.6 

2.2 

16.2 

2.1 1 

64.2 

6. 7 

Peanuts (hulls oh) . 

Peanut kernels .. 

Peanut meal (no hulls) (old process) .— 

Rice (whole) .-. 

Rice (polished) ... 

Rico bran ... 

Soybean meal. 

6.0 

6.4 

6.9 

10.3 

11.8 

8.8 

10.7 

8.8 

9.1 

2.8 

2.3 

6.6 

4.7 
.5 

10.9 

2.0 

4.8 
6.6 

24.8 
30.4 
45.7 

7.9 

7.5 

13.0 

11. 

37.9 
43.0 

17.8 

2.7 
9.2 

8.8 
.4 

12.5 

2.1 

6.0 

5.9 

14.0 

! 11.6 
24.0 

60.3 

79.4 
41,1 
72.0 
26.6 
30.0 

34.6 

47.6 
8.6 
2.0 

.4 

13.7 
1.7 

16.9 

6.6 
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Table 6 .—Average composition of some feedstu ff's used in the feeding of poultry Con. 


Feedstuff 


Carbohydrates 

Crude | " 

protein crude extract 

ext^t 


Grains and Continued 


Sunflower seed. 

Sunflower seeds (hulled)_ 

Velvetbeans.. 

Wheat—.. 

Wheat bran__ _ 

Wheat floiu*__ 

Whear-flour middlings. 

Wheat-germ meal. 

Wheat middlings, standard. 

Wheat red-dog flour. 

Wheat shorts (gray). 


Feeds of animal origin 

Beef scrap__ . . 

Bonemeal, steamed.. 

Bonemeal, special steamed.__ 

Buttermilk___ 

Buttermilk, condensed. . _ . 

Buttermilk, dried.... 

Crab meal___ . 

Fish meal (average of unidentified fish meals). 

Fish meal, herring.... 

Fish meal, menhaden... 

Fish meal, whitefish (high ash).. . . 

Fish meal, whitefish (low ash).... 

Fish meal, sardine... 

Fish meal, tuna...... 

Liver meal, Argentine. 

\feat scrap (65-percent protein).. 

Meat-and-bone scrap (50-percent protein). 

Pork liver, dried... 

Pork cracklings...... 

Shrimp meal (or bran). 

Skim milk.... 

Skim milk, dried.. 

Tankage (60-peroent protein)__ 

Whey___.. 

Whey, dried... 


Green feeds, etc. 

Alfalfa, fresh__ 

Alfalfa-leaf meal___ 

Alfalfa meal.... 

Beet pulp, dried___ 

Cabbage.. 

Cane molasses___ 

Carrots__ 

Grapefruit refuse, dried_ 

Kale... 

Afangels... 

Orange peel, dried... 

Orange-pulp meal__ 

Potatoes.-. 

RaM.... 

Red clover hay_ 

Rutabagas.. 

Turnips... 

Yeast, brewers', dried. 


Percent Percent Percent 
10.0 1.8 12.0 


Percent 

70.0 

21.4 
16.2 
50.8 

70.5 

56.1 

74.2 

59.3 
44.7 

56.6 

62.6 
58.0 


Percent 

3.5 
23.2 
41.0 

5.2 
1.9 

4.2 

1.4 

4.6 
10.4 

4.7 

4.4 

4.5 
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Table 7.— Average calcium ^ 


Feedstuff 

Cal- 
! clum 
(Ca) 

Orainx and seeds 

Percent 

Barley.. 

0 on 

Beans, navy.. 

. 16 

Bread.. 

.03 

Brewers' grains, dried-... 

.20 

Buckwheat.. 

roconiit meal fold proc- 

.06 

ess)_ 

.20 

Corn... 

.01 

Corn bran_ 

.03 

Corn-gluten feed_ 

.13 

Corn-gluten meal_ 

.06 

Corn meal-.. . 

Cottonseed meal (4l-per- 

.01 

cent protein).. 

.23 

Cowi)eas... 

Distillers' grains (corn). 

.10 

dried.... . 

.04 

Feterita.... 

.02 

Field peas.i 

.08 

Flaxseed.. 

.25 

Harden i)eas... 

.08 

TTernpseed meal_ . 

.22 

Hominy_ _ _ 

.01 

Hominy feed .. 

03 

Kafir...... ... 1 

Linseed meal fold proc¬ 

.03 

ess) . 1 

.33 

Malt sprouts.1 

.18 

Millet (proso). 

.01 

Milo.. 

.04 

Oats..-.. 

.10 

Oatmeal, or rolled oat*? 

.08 

Peanut kernels. 

Peanut meal (old proc¬ 

07 

ess) . 

. 18 

Rice (polished). 

.01 

Ric*e bran_ _ 

.10 

Rye__ _ 

.05 

Soybeans_ _ 

20 

Soybean meal_ _ 

20 

Sunflower seed.._ 

.41 

Wheat_ 

.04 

Wheat bran _ _ 

.11 

Wheat flour_ __ 

.02 

Wheat-flour middlings _. 

.07 

Wheat-germ meal. _ 

Wheat middlings, stand¬ 

.07 

ard _ ... _ 

.08 

Wheat red-dog flour. 

.07 

Wheat shorts_ 

Feeds of animal origin 

.08 

Beef scrap.. 

7.23 

Buttermilk, liquid... ... 

.18 

Buttermilk, condensed... 

.66 

Buttermilk, dried... _ 

1.56 

Crab meal.. 

13. 25 


phosphorus^ and manganese content of some feedstujjs used 
in the feeding of poultry 


Phos- 

Manga- 


Cal- 

Phos- 

Manga- 

phorus 

nese 

Feedstuff 

cium 

phorus 

nese 

fP) 

(Mn) 


(Ca) 

(P) 

(Mn) 


Parts 

Feeds of animal origin — 





per 

Continued 



Parts 

Percent 

million 




per 

0.36 

16 

Fish meal (average of un- 

Percent 

Percent 

millio’n 

.46 

13 

identified fish ineals) . 

0.50 

3.60 

45 

. 10 

4 

Fish meal, herring_ 

3.83 

2.50 

(‘» 

.46 

20 

Fish meal, whltefish 




.43 

80 

(high ash) -.. . 

9.09 

4.70 

(0 



Fish meal, whitefish 




.64 

86 

(low ash)_.. 

5.84 

3.04 

(») 

.29 

6 

Fish meal, sardine 

4.73 

2.63 

40 

.20 

16 

Fish meal, tuna. 

6. 25 

3.46 

(«) 

.64 

24 

Liver meal, Argentine. . 

.11 

.90 

4 

.40 

4 

Meat-and-bone scrap (50- 




.30 

4 

percent protein). 

10 20 

4 91 

10 



Meat scrap (6.5-percent 


1 


1.18 

18 

protein)__ 

8.25 

! 4.00 

18 

.46 

30 

Pork liver, dried_ 

.06 

1.12 

4 



Skim milk, liquid. . _ 

. 13 

. 11 

Trace 

.30 

20 

Skim milk, dried_ 

1 27 

.96 

0.6 

.32 

f»> 

Tankaee (60-percent pro- 




.40 

:)0 

tein).... 

7.16 

3.53 

14 

.66 

35 

Whey, liquid. 

.05 

.04 


.40 

30 

Whey, dried.... 

.83 

.70 

14 

.87 

f«) 





.08 

2 

Green feeds, etc. 




.51 

16 





.35 

16 

Alfalfa (green). 

.42 

.07 

7 



Alfalfa-leaf meal.. 

1.90 

.22 

30 

.74 

40 

Alfalfa meal. 

1.44 

.21 

26 

70 

35 

Beet pulp, dried. 

.70 

.07 

23 

.33 

36 

Cabbage. _ 

.07 

.04 

21 

.32 

15 

Cane molasses. 

56 

.06 

(«. 

.36 j 

34 

Carrots.... 

06 

.07 

(n 

.44 1 

20 

Orapefrult refuse, dried,. 

.74 

.10 

(n 

.30 

(«) 

Kale.. 

18 

.07 

(») 



Orange peel, dried. _ 

73 

.11 

(0 

.56 

(0 

Orange-pulp meal. 

64 

.10 

(t» 

09 

12 

Potatoes.-- .. .. 

.02 

.06 

3 

1.84 

280 

Rape... . 

.34 

.07 

50 

.36 

40 

Red clover hay.. 

1.17 

.18 

40 

.53 

31 

Rutabagas... 

.06 

.04 

(M 

60 

30 

Turnips.... . 

.05 

.05 

(*) 

.99 

0) 

Yeast, dried... 

1.26 

1.21 

2 

.39 

39 





1.21 

119 

Calcium, phosphorus, and 




.11 

4 

manganese supplements 




.69 

113 





1.01 

160 

Bone, fresh. 

22. 95 

10.42 

12 



Bonerneal . _ 

27.00 

13 00 

13 

93 

119 

Bonemeal, steamed. .. 

28.80 

13 34 

6 

.59 

35 

Bonerneal, special steamed. 

31. 30 

14. 49 

2 

.93 

60 

Crab shell - 

23. 74 

2. 55 

300 



Gypsum...... 

26.00 

Trace 

(0 



Limestone, high-calcium . 

39.20 

00 

200 



Oystershell, washed_ 

38 00 

Trace 

100 

3 73 

5 





.10 

Trace 

Manganous sulfate, an- i 



Percent 

.33 1 

0.2 

hydrous.. 

00 

.00 

36.3 

1.05 

.4 

Manganous sulfate, tet- 




. .50 

(•) 

rahydrate.- . - 

00 

.00 

24.6 


Information lacking. 
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Table 8. —Average digestibilUy in the chicken of some feedstuffs used in the 

feeding of poultry 


Feedstuff 

Organic 

matter 

Crude 

protein 

Crude 

fiber 

Nitro¬ 

gen-free 

extract 

Fat, or 
ether 
extract 

Total 

digestible 

nutrients 

Grains and seeds 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Barley.... 

76 

75 

7 

83 

62 

68 

Buckwheat.....i 

72 

59 

8 

85 

87 

65 

Corn, whole or cracked___ 

87 

76 

J2 

90 

86 

80 

Corn, ground... 

88 j 

79 

6 

92 

88 

81 

Corn meal...—.- 

87 

74 

7 

90 

89 

80 

Corn, Argentine, 'whole or cracked.. 

88 

84 

16 

91 

81 

83 

Corn, Argentine, ground___ 

88 

83 

13 

91 

91 

84 

(Cottonseed meal. 

72 

76 

12 

86 

86 

69 

Cowpeas--- 

75 

55 

12 

87 

80 

65 

Feterita.... 

SO 

88 

33 

91 

81 

N2 

Field peas.... 

74 

76 

12 

80 

80 

66 

Garden peas.. 

83 

88 

10 

86 

86 

72 

Kafir.... - 

90 

84 

19 

93 

80 

81 

Millet____ 

78 

76 

17 

87 

78 

72 

Milo. 

89 

83 

31 

92 

78 

80 

Mixed feed (laying mash)--- 

85 

85 

44 

88 

92 

S3 

Oats.-... - 

66 

74 

12 

74 

84 

62 

Oatmeal, or rolled oats... 

87 

79 

14 

91 

92 

S5 

Rice (whole)... 

74 

75 

5 

84 

72 

65 

Rice bran_ . __ 

52 

60 

3 

52 

87 

41 

Rye__ _ 

79 

68 

8 

84 

27 

60 

Soybeans.____ 

79 

74 

20 

93 

86 

86 

Soybean meal.... 

77 

83 

2 

82 

82 

71 

Shallu___ 

90 

78 

39 

94 

85 

.S3 

Wheat. .. 

82 

75 

8 

87 

50 

73 

Wheat bran.-. 

46 

66 

9 

47 

42 

41 

Wheat middlings.... 

54 

65 

8 

55 

54 

1 

Wheat shorts.... 

68 

69 

13 

71 

85 

' 63 

Feeds of animal origin 







Beef scrap ... 

90 

92 



94 

77 

Buttermilk, dried . _ 

8] 

82 


81 

78 

! 72 

Fishmeal . . ....-. 

90 

91 



94 

71 

Meat scrap and meat-and-bone meal.. 

87 

90 



93 

' 70 

Skim milk, dried..___ 

87 

90 


85 

95 

76 

Tankage _ _ 

85 

85 



96 

60 

Green feeds, etc. 







Alfalfa-leaf meal....- 

30 

99 

4 




Alfalfa meal--- 

29 

64 

2 

34 

22 

25 

Beet pulp, dried-.. 

17 

37 

0 

19 

0 

15 

Potatoes ..-... 

75 i 

47 

6 

84 


16 

Clover hay.... 

23 

71 

10 

14 

36 

20 


Table 9. —Average vitamin content of some feedstuffs used in the feeding of poultry 


Feedstuff 


Qrain and seeds 

Barley.-.—. 

Beans, navy.. 

Beans, pinto... 

Bread... 

Buckwheat.-. 

Com, yellow.. 

Corn, white.... 

Cora-gluten meal (yellow).-.. 

Cottonseed meal (41-percent protein). 

Cowpeas. 

Field peas... 

Garden peas.-.. 

Hemnseed meal... - - 

See footnotes at end of table. 


Vitamin 
A per 
pound 


Interna¬ 

tional 

Units 

400 

(•) 

(•) 

50 

(•) 

3,180 
0 

6,800 

600 

1,360 

2,720 

4,540 

(«) 


1 

Vitamin 

Biper 

pound 

Vitamin 
D per 
pound * 

Vitamin 

E3 

Vitamin 
O (ribo¬ 
flavin) 
per 
pound 

Chick 

antider- 

matoeis 

factor 

per 

pound 





Modified 

Interna- 

A.O.A,a 


Micro- 

Jukes- 

tional 

chick 


grams 

Lepkovsky 

Units 

units * 


tsammas)* 

units > 

250 

Trace 

++ 

400 

0.7 

250 


(®) 

(«) 

.1 

2,270 


(«) 

(6) 


10 



(•) 

(• 

500 



300 

(•) 

270 


++ 

450 

.7 

270 


++ 

450 

.7 

(«) 


0 

0 

(®) 

1,800 


(•) 

300 

1.0 

450 


(«) 

350 

1.3 

450 


(•) 


(®) 

450 


-f+ 


1.5 

(•) 


+-f 

1.100 

1.0 
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Table 9—Average vitamin content of some feedstuffs used in the feeding of poultry— 

Continued 


Feedstuff 


Orain and Continued 

Kafir_ .. 

Linseed meal (old process).. _ . _ 

Milo... .. 

Oats- - 

Oatmeal, or rolled oats_ 

Peanuts (hulls on).. ., 

Peanut kernels , __ 

Peanut meal, no hulls (old process)... 

Rice bran.. _ _ 

Rye___ . 

Soybeans... . 

Soybean meal.... . _ 

Wheat___ _ 

Wheat bran_ .. . _ _ 

Wheat flour_ __ _ 

Wheat-germ meal_ _ .. . 

Wheat-flour middlings_ _ 

Wheat middlings, standard_ 

Wheat red-dog flour. 

Wheat shorts_ _ . _ 

Feeds of animal origin 

Buttermilk, liquid .. 

Buttermilk, dried.. 

Buttermilk, sweet cream, dried. 

Cod-liver oil... . .. 

Cod-liver oil, fortiflod . .. 

Fish meal, white... 

Fish meal, sardine... 

Fish meal, menhaden.. 

Liver meal, Argentine.. 

Meat scrap_ _ _ 

Pork liver, dried_ .. _ 

Sardine (pilchard) oil . _ 

Skim milk, liquid____ 

Skim milk, dried _ ... 

Tankage... 

Whey, dried-... 

Oreen feeds, etc. 

Alfalfa (green)... 

Alfalfa-leaf meal, dehydrated. 

Alfalfa-leaf meal.. 

Alfalfa meal... 

Caobage__ .. 

Cane molasses_ .. 

Carrots. 

Kale.. - 

Potatoes___ 

Red clover hay. 

Turnips_ _ 

Yeast, brewers*, dried__ 


Vitamin 
A per 
pound 

Vitamin 
Bi per 
pound 

Vitamin 
D per 
pound 1 

Vitamin 
E * 

Vitamin 
Q (ribo¬ 
flavin) 
per 
pound 

Chick 

antider¬ 

matosis 

factor 

per 

pound 

Interna- 

Interna- 

A.O.A.C. 


Micro- 

Modified 

Jukes- 

tional 

Units 

2.50 

tional 

Units 

(«) 

chick 
units 5 

(®) 

grams 

(gammas)* 

(«) 

Lepkovsky 
units ^ 

(fl^ 

200 

2,000 


+ 

900 

0 1 

250 

(•) 


(®) 

400 

.7 

80 

270 


+4- 

400 

.7 

(®) 

230 


44 

(») 

.8 

(*) 

900 


44 

950 

3.5 

(♦') 

1,500 


44 

1,200 

4.0 

250 

900 


44 

1,200 

4.0 

(«) 

1, 500 


(*) 

900 

1.8 

(«) 

250 


44 

(«) 

(«) 

(KH) 

1.100 


(») 

1,300 

1.0 

170 

900 

Trace 

(«) 

1,400 

1.0 

140 

340 


44 

400 

.7 

150 

450 


44 

1,000 

1.8 

(*) 

10 


(®) 

(•) 

(’) 

1,900 

1.930 


4444 

1,800 

.6 

100 

800 


44 

700 

.7 

120 

1,000 


444 

9(X) 

.8 

60 

(•) 


(») 

450 

(•) 

120 

1.000 


444 

900 

.8 

25 

40 

(») 

(®) 

1,200 

.3 

200 

400 

Trace 

4 

9,000 

3.0 

200 

400 

Trace 

4 

14,000 

3.0 

• 340.190 

0 

• 45.360 

0 

0 

0 

1. .362.000 

0 

181,600 

(») 

0 

0 

(») 

(«) 

(«) 

(«) 

4,500 

.2 

(«> 

(•) 

(®) 

(») 

3,200 

.2 

(e^ 

(•) 

(“) 

(») 

2,250 

.2 

(«) 

(•) 

(») 

(•) 

18, 500 

8.0 

(«) 

(«) 


(•) 

2,700 

.2 

47,670 

170 

200 

(•) 

45, 360 

10.0 

45, 240 

(®) 

45, 360 

(•) 

0 

0 

15 

40 


4 

1,000 

.3 

130 

400 


4 

9,500 

2.6 

(») 

! ( 5 ) 


(•) 

800 

(») 

(«) 

(•) 


(®) 

12,000 

4.0 

63,560 

225 


44 

2,000 

.1 

95,000 

450 


444 

8, CKK) 

3.0 

32,000 

400 

14 

1 444 

7,000 

2.0 

13,000 

400 


444 

6,000 

1.5 

200 

100 


(•) 

100 

(•) 

(«) 

(•) 


(») 

2,000 

6.0 

18,200 

100 


(») 

120 

.1 

181,400 

100 


(•) 

2,240 

(«) 

220 

80 


(•) 

55 

(®) 

9,000 

450 


444 

(•) 

(•) 

(«) 

70 


(«) 

45 

(®) 

(•) 

4,500 


0 

16,000 

15.0 


1 Leaders (..) mean that the feedstuff contains no appreciable quantity of vitamin D. 

* The symbols in this column have the following meanings: -f Fair source of vitamin E; -+-+ Good 
source of vitEunin E; -H++ Very good source of vitamin E; “1-++4' Excellent source of vitamin E. 

a This is the official unit of the Association of Official Agricultural Chemists. It is equivalent to J inter¬ 
national Unit of the kind of vitamin D found in pure cod-liver oil. 

* A microgram, or gamma, Is one-millionth of a gram; it is equal to approximately one twenty-eight mil¬ 
lionth of an ounce. . , , . ^ « j 

* The modification consists in giving the same value to a pound of the feedstuff as was originally given to 
a gram. In order that a diet may supply enough of the chick antidermatosis factor, it should contain not 
less than 0.9 modified Jukes-Lepkovsky unit per pound. 

«Information on vitamin content is lacking. 4 . 

^ Cod-liver oil. if it is to be sold legally as such in interstate commerce, must contain at least 272,160Inter¬ 
national Units of vitamin A and 38,690 International Units of vitamin D per pound. The vitamin A 
content of cod-liver oil varies from 272,160 to about 1,000,000 International Units per pound and the vitamin D 
content from 38,690 to about 160,000 units per pound. Cod-liver oil and other vitamin-bearing fish oils 
should be purchased only from reliable sources and should be used according to the manufacturer s guarantee 
of their vitamin potency. 






















































































NUTRITIONAL REQUIREMENTS 
UF DOGS 


by ImoRena P. Earle ' 


HERE is a discussion of the nutrition of dogs from the theoretical stand¬ 
point. It deals with such questions as whether or not they must have an 
all-meat diet; whether or not they can digest carbohydrates; what are the 
proper proportions of protein, fat, and carbohydrate in the diet; what their 
energy needs are in terms of calories; and what are their quantitative 
needs for minerals and vitamins. The practical feeding of dogs is taken 
up in a later article. 


The dog in his natural state was a carnivorous animal subsisting al¬ 
most entirely on the flesh, bones, blood, and viscera of animal car¬ 
casses and living under conditions in which abundant exercise and 
free access to sunlight, soil, and green leaves played an important part. 
During the process of his domestication, however, he has had imposed 
on him a different set of conditions. Generally speaking, the amount 
of his exercise has been reduced, he has been restricted in his access 
to sunlight, and his dietary habits have for the most part become those 
of the omnivores, which live on both animal and vegetable foods. 

Under these new and artificial conditions the dog is far more subject 
to nutritional-deficiency diseases than under natural conditions. 
Such diseases, in the light of present knowledge, can usually be easily 
recognized in their acute stages and may be prevented or cured by 
correcting the deficiency. However, deficiencies so marked and 
extreme as to produce acute disease undoubtedly occur much less 
often than partial and perhaps multiple deficiencies which result in 
lowered vitmity, decreased a^etite, dull coat, impaired reproductive 
functions, decreased rate of growth in the young, and other sims of 
general ill health. These symptoms are such as can be attributed 
either to infection or to malnutrition and their correlation with feed¬ 
ing practice is difficult. 

The nutritive requirements of the dog have received an increasing 
amount of attention and interest withm the past few years. Dog 
races and dog shows have grown in popularity, and as scientific 

1 Imogene P. Earle is Aseociate Biochemist, Division of Animal Nutrition, Bureau of Animal Industry. 
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knowledge of the fundamentals of nutrition has increased, the breed¬ 
ers and owners of racing and show dogs, and of pets and working dogs 
as well, have become more conscious of the importance of nutrition 
in the health and performance of their animals. In recent years 
the preparation of dog foods has grown to remarkable proportions 
as an iiidustry. The manufacturers are concerned with knowing the 
composition of adequate rations on which a profit can be made, and 
in some instances they have carried out experimental work in testing 
the efficiency of their products in the nutrition of dogs. Veterinarians 
also have been interested in the proper nutrition of the dog, since they 
recognize that a large percentage of their canine patients are suffering 
from ills of nutritional origin. 

Although the amount of scientific investigation concerned primarily 
with the food requirements of the dog has not been great, the dog has 
been used as a laboratory animal in fundamental nutrition studies 
more extensively than any other domestic animal. As a result a 
good deal is known about many aspects of his nutrition such as vita¬ 
min requirements, both qualitative and quantitative; bone and tooth 
formation; and ability to digest and utilize carbohydrates. His 
energy requirements can be calculated from the standards of De- 
chambre, as reported by Linton and of Brody, Procter, and 

Ashworth ( 167 ). While little that is specific is known about his mineral 
requirements, estimates of his needs for minerals are made on the 
basis of the requirements established for human nutrition. Informa¬ 
tion regarding his specific protein requirements is meager, and esti¬ 
mates of his protein needs and of the proportions in which protein, 
fat, and carbohydrate should be combined in his diet have been based 
for the most part on the composition of diets that have been found in 
practice to be satisfactory. 

In spite of the results of many studies involving the nutrition of 
the dog, there is a great divcigence of opinion among veterinarians and 
dog breeders concerning the feeding of dogs. For example, Quitman 
( 940 ) after more than 40 years of veterinarj'^ practice in which he states 
he has treated approximately .'>0,000 dogs, 20 percent of which were 
suffering from ills of dietetic origin, has concluded that dogs do best 
on a meat diet exclusively and that they do not digest starchy or 
vegetable foods. Spaulding ( 1092 ), in his paper on the proper feeding 
of dogs, has stated that 75 percent of dogs have difficulty in digesting 
vegetables and has recommended a diet in which meat is used in large 
proportions but is supplemented by cooked cereals in the form of bis¬ 
cuit. He further advised against the use of any sloppy or mushy 
foods. There is ample support in the veterinary journals for these 
views regarding the indigestibility of vegetables from the point of 
view of supplying energy and protein needs. The function of vege¬ 
tables in the diet as an important source of vitamins and minerals is 
fairly generally recognized. Some veterinarians agree with Quitman 
that no carbohydrates in the form of cereals or vegetables should be 
included in the dog’s diet. Many others allow a limited amount of 
carbohydrate foods, but there is diversity of opinion as to kind and 
amount. There is, however, fair agreement among the veterinarians 
that meat is the essential basis of all successful diets. 

* Italic numbers in parentheses refer to Literature Cited, p. 10 6.7 
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Contrary to these opinions regarding the indigestibility of vege¬ 
tables and the inadvisability of feeding sloppy food are tiie excellent 
results cited by Linton (687), obtained at the OTeyhound-racing 
establishments of England where the dogs are fed relatively lar^e 
quantities of vegetables which are cooked and fed as slop. And in 
contradiction to the belief that meat is essential to a successful diet 
are the satisfactory results reported by Cow^ (2S8), Morgan (8JS), 
and many others from the use of meat-frCe diets in the laboratory. 

An attempt is made here to correlate some established facts con¬ 
cerning the physiology and nutritive requirements of dogs with results 
of observations on practical feeding that are often seemingly con¬ 
tradictory. 

PHYSIOLOGY OF DIGESTION IN THE DOG 

The teeth of the dog are typical of those of the carnivores. Food 
is bolted without chewing and there is no digestion in t^ie mouth. 

The capacity of the stomach is quite large in relation to the size of 
the body and to the capacity of the intestines. The intestines have 
a little more than half (0.6) the capacity of the stomach in the dog, 
whereas in the pig they have 2.3 tunes the capacity of the stomach, 
and in the horse 11 times. 

The stomach of the dog has a powerful muscle (the pyloric sphincter) 
which normally does not permit passage of partly digested food until 
gastric digestion is complete; hence digestion in the stomach is some¬ 
what prolonged. The gastric juice is similar in composition to that of 
man except that it has a higher content of hydrochloric acid and of 
pepsin. 

Gastric digestion concerns principally proteins, since the amounts 
of carbohydrates and of fat digested in the stomach are unimportant. 

In the dog and in the carnivores in general, digestion of carbohy¬ 
drates and of fats occurs for the most part only in the small intestine, 
and absorption of food materials is believed to take place largely from 
the small mtestine. The enzymes necessary for completing the diges¬ 
tion of proteins and for the digestion of fats, starches, and sugars are 
present in the digestive juices from the pancreas and small intestine, 
but intestinal digestion is of relatively short duration because of the 
limited capacity of the small intestine. Apparently the chief func¬ 
tions of the large intestine are to permit absorption of water from the 
undigested food residue and to serve as a reservoir for the waste 
materials which constitute the feces. 

The digestive canal of the carnivores differs from that of both the 
omnivores and the herbivores in the relative size and capacity of the 
different sections as well as in their functions. The differences in the 
relative capacities of different parts of .the gastrointestinal tract of 
three species representing the herbivores, the omnivores, and the 
carnivores, respectively, are shown in table 1, which has been adapted 
from Dukes (285, p. 226). 

The large intestine of the dog is short and of small capacity as 
compared with that of animals ad^ted by nature to subsast either 
whoUv or lively on plant foods. Ine difference extends to function 
as well as to anatomy. In the dog, the large gut is designed to serve 
chiefly iQltjlghfgei.ge of a limited and compact bulk of waste material; 
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it is not suited as a site for the prolonged action of bacterial enzymes, 
which are considered important factors in the digestion of cellulose 
and other fibrous constituents of plant foods; and there is probably 
relatively little, if any, absorption of products of digestion. 

Table 1. —Relative cajtacUy of different parts of the gastrointestinal canal in herbivores. 

omiiirores. and carnit'ores 


Animal 
and type 

Part of canal 

Rela¬ 

tive 

ca- 

pacil y 

.\oimal 
and tyf)e 

1 

Horse (her¬ 
bivore). 

Stomach- 

Small intes¬ 
tine. 

Cecum. - 

Colon and 
rectum. 

Percent 

8.5 

30.2 

15.9 
45. 4 

PiK (om¬ 
nivore). 


Total_ 

100.0 j 



Part of canal 

Rela¬ 

tive 

ca¬ 

pacity 

; 

.\nimal 
and type 

Part of canal 

Rela¬ 

tive 

ca¬ 

pacity 

Stomach-, 
Small intes¬ 
tine. 

Cecum.-. . 
Colon and 
rectum 

Percent 
29.2 
33 5 

5.6 

31.7 

i 

; 

i 

1 Doji (car- 
vore>. 

Stomach_ 

Small intes¬ 
tine. 

C.'ccum . . . 
Colon and 

1 rectum. 

Percent 

62.3 

2 : 1.3 

1.3 

13.1 

Total 

j 100 0 


j Total -. -. 

100.0 


In the herbivorous animals the case is quite otherwise. The large 
intestine constitutes a large percentage of the total length and total 
capacity of the canal and serves an important function in the digestion 
and absorption of food. In the capacious large intestine of the her¬ 
bivores with simple stomachs, fermentation and solution of the fibrous 
portion of food take place during a prolonged period of digestion; 
foods liberated by tlie solution of the cellulose membranes of plant cells 
are digested and" products of this digestion are absorbed. The large 
cecum and colon accommodate a bulky diet and provide for the 
lengthened period requiretl for the digestion of fibrous foods that 
leave a bulky residue. 

The tract of the dog, being relatively short, is best adapted to a 
concentrated diet that can be digested coniparatiyely quickly and 
wall leave a nonbulky residue. Foods of animal origin are admirably 
suited to the digestive physiology of the dog because of the ease and 
completeness wnth which they are digested as compared with plant 
foods, which contain considerable amounts of indigestible structural 
material. 

UTILIZATION OF CARBOHYDRATES 

The common belief that dogs do not tolerate a diet containing a W^b 
percentage of carbohydrate must be based on some other factor than 
the inabSity of the dog to digest starch, for it has been clearly shown 
experimentally { 679 , 987 ) that dogs can digest large quanbties of 
cornstarch either raw or cooked. Starches in the form of cnoked nee 
fed to mature dogs for a period of 15 days in aments up to 33 calories 
a dav per pound of body weight—an amount sufficient to satisfy total 
energy requirements—have been found to be 95-percent digestwl. 
Further, Ae dogs so fed suffered no noticeable ill effects from the 

Such results as these lead to the conclusion that if dogs do poorly 
on high-starch diets it is due to some other factor th^ 
the starch itself. In practice, the unfavorable results obtamed are 
probably due to an imbalance of or deficiency m vitamins, mmerals. 
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or proteins, or to the presence of too large amounts of indigestible 
crude fiber along with the digestible stai'ch and sugar. 

In cereals and vegetables the digestible carbohydrates and proteins 
are contained within cell walls of cellulose and can be acted upon by 
digestive enzymes only after the cell contents are liberated by the 
rupture of the enclosing membranes. These cellulose membranes may 
be ruptured by mechanical means such as grinding, chewing, or appli¬ 
cation of pressure, by cooking, and by ceDulose-splitting enzymes of 
certain mmro-organisms. The delicacy of the cellulose meinbranes 
and the ease with which they are broken down vary widely in different 
plant products and with age, hardness, and the part of the plant used. 

The investigations of the digestibility of crude fiber or cellulose by 
the dog have been reviewed by Mangold (744)- Some workers have 
found crude fiber to be almost wholly indigestible, while others have 
found a considerable degree of digestibility. This variabilitv has 
been explained by Thomas and Prmgsheim (cited by Mangold) as 
being due to variations in intestinal flora. The dog by nature is with¬ 
out cellulose-splitting bacteria, but under some conditions, after having 
been fed large amounts of plant foods, he may develop an intestinm 
flora capable of digesting the more delicate vegetable celluloses. 

Mangold (744) quoted some figures obtained by ^ssl on the 
digestibility of fiber of potatoes and of cereals by Fox Terriers. These 
dogs digested fiber prepared from different sources as follows: 


Fiber from— Percent dtteeted 

Barley meal.... 7. 67-33. 53 

Potato flakes..... 15. 37-23. 07 

Boiled potatoes... 3. 27-86. 83 

Rye meal______ 14. 54-24. 28 

Wheat meal__-... 2. 92-87. 52 

Rice... 25.24-80.05 


Such wide individual variations with a given carbohydrate can be 
best explained only on the basis of differences in individual dogs in 
intestinal flora and in adaptability of the digestive system to an 
omnivorous diet. Fingerling and Schoenemau (S61) have suggested 
that diffOTent carbohydrates also differ in the extent to which they are 
utilized independently of digestibility. Their conclusions were based 
on results from a group of dogs kept on a maintenance diet of horse 
meat, which was supplemented by equivalent amounts of several 
carbohydrates. Different sugars were utilized with equal efficiency 
but starch they thought was used with greater efficiency than the 
sugars.^ 

The influence that carbohydrate foods may have on certain phases 
of mineral metabolism demands attention in a consideration of the 

K a of carbohydrates in the diet of the dog. It has been shown by 
anby (778) that a diet containing just enough calcium and 
vitan^ D to allow normal bone building (calcification) in growing 
puppies ^duced rickets when it included a large proportion of 
cereals. This action of cereals has been explained as me result of a 
disturbance in calcium absorption due to formation of an insoluble 
calcium compound in the presence of a high proportion of a compound, 
phytin, fuimshe^k^ the cereals. The combination of calcium with 
phytin (or its spRfc^oducts) apparently occurs, however, only in the 
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apbsence of fat, sinc6 it has been found that the addition of as much as 
11 percent of lard or olive oil will counteract the anticalcifying action 
of the cereals (727). ‘ 

The adv^tages of including carbohydrates in the diet of the dog 
are that carbohydrates are a cheap source of energy, both in initial cost 
and in the work required of the organism for metabolism; and easily 
digested carbohydrates reduce the break-down of body proteins. 
Further, some carbohydrate is required for the metabolism of fat. 

Since there is ample experimental evidence that the dog has no 
diflBiculty in digesting and using starch and sugar for the production of 
energy, it may be concluded that the presence of a high percentage of 
these carbohydrates in the diet is innocuous if the diet is otherwise well 
balanced as to protein, minerals, and vitamins, and contains sufficient 
fat, and if there is no excessive amount of indigestible and possibly 
irritating cellulose. 

PROPORTIONS OF CARBOHYDRATE AND FAT 

Apparently the ratio between fat and carbohydrate may be varied 
within wide limits as long as the requirements for proteins, minerals, 
and vitamins are met. Ivy (S78) has-stated that, if the amount of 
fat is increased gradually, as much as 40 percent of fat in the diet of 
the dog seems to be well tolerated. Morgan (814) reported excellent 
results from the use oyer a period of 2 years of a stock ration contain¬ 
ing approximately 24 percent of fat. The ration she used later for 
puppies contained 11 percent of fat. However, in Linton’s (687) 
recommendations for an average diet for adult dogs, 5 percent of fat 
and 70 percent of carbohydrate are suggested. It has already been 
pointed out that a certain amount of fat in the diet is important in 
the absorption and utilization of calcium and phosphorus, especially 
where the percentage of cereals is high and the calcium and vitamin D 
content no more than just sufficient. In the light of the findings 
of MacDougaU (727) in this respect it seems advisable that the amoimt 
of fat, especially for the growing dog, should be not less than 11 per¬ 
cent if the proportion of cereal is high, and less than 40 percent in 
any case; though many rations containing less than 11 percent of 
fat are apparently adequate for adult dogs. In rations low in fat it 
is particularly important that a good source of the fat-soluble vitamins 
be included. 

PROTEIN REQUIREMENTS 

The view that meat is the essential basis for all successful dog diets 
receives its chief support from two facts: (1) Meat is in general easily 
and almost completely digested, leaving little residue; in this respect 
it is better adapted to the digestive physiology of the dog than the 
plant products m which the protein may be enclosed in supporting 
structures of the plant tissues, which are digested with more difficulty 
and leave a bulky residue. (2) Proteins of animal origin m a class 
are undoubtedly superior in biological value to those obtained from 
plants. There remains to be considered, however, the fact that meat 
18 probably less important in the dietary of the dog than popular 
opinion indicates. 

Proteins are required by any animal body (1) for the replacement 

141394*--39-fi6 
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of the tissue proteins, which are broken down in the metabolic proc¬ 
esses involved in body maintenance, and (2) for building new tissues 
in growth and reproduction. Proteins digested and absorbed in excess 
of these requirements are for the most part used for the production of 
energy—either stored as carbohydrate or fat, or expended in heat or 
work. As sources of energy, however, proteins are less efficient than 
carbohydrates and fats since they require more energy for their 
metabolism. 

The question whether protein in excess of the two requirements 
mentioned is advantageous or disadvantageous has long been debated. 
It is believed by some that the metabolism of excess protein places 
an unnecessary burden on the body as a whole and on the kidneys in 
particular. At least direct evidence of definite beneficial effects from 
any large excess of protein seems to be lacking. However, during the 
growth period an increase of protem intake above the minimum 
req^ements has a beneficial effect under normal conditions. 

Studies of the amount of body protein used by the adult animal in 
maintaining the metabolic processes essential to life have indicated 
that the amount of protein required for maintenance is the same for 
all species per unit of surface area and hence increases with body 
size. The theoretical requirements for growth, on the other hand, 
are the amounts of protem actually stored as new tissue, and these 
decrease in proportion to size of the body as the rate of growth slows 
down. Likewise the protein requirements for lactation and reproduc¬ 
tion are determined by the amounts of protein laid down in milk or 
deposited in the fetus and the tissues associated with gestation. 

A measure of the amounts of protein deposited in the animal body 
as repaired tbsues and as new tissues is not a measure of the amount 
of food protein that will satisfy these requirements, since food protein 
varies according to its digestibility and its amino acid make-up. 
The amino acids are the building blocks of which all proteins are 
different combinations. Proteins from different sources vary in their 
value to the body—their biological value—according to their effi¬ 
ciency in supplying all the amino acids required for repair and tissue 
growth in the proportions needed. Thus there can be no fixed mini¬ 
mum protem requirement for any body function except in terms of a 
specific food protein or combination of food proteins. No protein has 
a biological value of 100 percent, but the proteins of whole milk and 
whole eggs occupy the highest rank, and the proteins of liver and 
kidney are superior to those of muscle meats, which in turn are 
superior to those of connective tissue. The plant proteins in general 
are apt to be deficient in one or more of the essential amino acids. 
Some of these deficient proteins have been found to maintain adult 
animals when fed in sufficiently large amounts but not to allow growth 
in the young animals regardless of the amounts fed. Some of the 
cereal proteins will support both maintenance and growth, but larger 
amounts are required to accomplish the same results than in the case 
of animal proteins. 

There ia evidence that the biological value of proteins is decreased 
by the a | > f j ftfe ation of heat, particularly veij high temperatures. Tins 
is an imMlt^^t consideration in estimating the value of protein in 
commerm^fflog food. 
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Lossl has report^ that good growth of puppies can be obtained 
when the entire protein in the diet after weaning is supplied by either 
wheat or rye, but still better growth results from the use of meat 
protem. 

When two proteins of unlike amino acid composition are fed, one 
may supplement the deficiency of the other, provided, of course, that 
both proteins are not deficient in the same amino acids. Thus good 
results can often be obtained from a mixture of proteins each of which 
is deficient or incomplete. It has been shown that rice bran and 
com, tankage and com, lactalbumin and com, beef and wheat flour, 
oatmeal and rice, peas and wheat or rye supplement each other. 
Kidney, liver, and muscle proteins are more highly effective sup¬ 
plements to cereal proteins than to leguminous proteins. In general, 
mixtures of plant proteins are improved by the addition of some meat 
protein. 

Casein and dried milk have been utilized as protein sources with 
entire success by many investigators in meat-free diets for laboratory 
dogs. 

It must be pointed out in any discussion of the relative values of 
animal and plant proteins that a diet in which proteins are supplied 
largely by plant products is more likely to be deficient in certain of 
tile B vitamins. The feeding of meat and milk products is the simplest 
way to supply both the protein and vitamin B requirements of dogs, 
but it is entirely possible with careful planning that the same results 
may be obtained with a combination of plant foods and their concen¬ 
trates. 

Little study has been made of the effects in the dog of various levels 
of protein feeding. Residts of observations regarding the amount of 
protein required for maintenance or for growth are usually expressed 
in terms of percentage of total calories or as the ratio of calories fur¬ 
nished by protein to calories furnished by fat and carbohydrate. 

The total amount of protein required, as has been pointed out above, 
varies with the kind of protein. Melnick and Cowgill {782) used a 
synthetic ration furnishing 70 calories per kilogram of body we%ht 
and fed different kinds of protein to determine the minimum amount 
of each required to maintain a protein balance in the dog’s body. The 
amounts required, as a percentage of the total calories of the diet, 
were: Lactmbumin 6.9 percent, serum protein 8.6, casein 9.4, gliadin 
21.0 percent. Attention is called to the fact that when the wheat 
protem gliadin was fed as the sole protein three times as much was 
required as of the milk protein lactalbumin. 

Lossl’s {694) observations indicated that a nutritive ratio of 1:4 (1 
calorie of protein to 4 of carbohydrate and fat) is sufficient for growth 
in small breeds but that lai^er breeds utilize to advantage a larger 
proportion of protein (1 calorie of protein to 2.5 calories of carbohy¬ 
drate and fat). Morgan {814) provided approximately 36.3 calories, 
of which one-fourth were furnished by protein, per pound of body 
weight a day to adult dogs, and found it adequate for maintenance; for 
growing puppies the same proportions were used but approximately 
three fames the amount per pound of body weight. From her studies 
she has concluded that the optimum protein concentration for all 
dogs probably lies between 25 and 50 percent of the dry weight of the 
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ration. This protein may be supplied by casein, meats of all kinds, 
fish, and even cereal proteins. 

The protein requirements for reproduction, lactation, and growth 
are of course much greater than those for maintenance. 

Da^s has studied the production of milk in the dog as influ¬ 

enced by afferent kinds of food protein. He has pointed out that rela¬ 
tively high protein diets are beneficial to milk production and that 
animal proteins are better suited to the synthesis of milk than plant 
proteins. He used diets constructed according to Cowgill’s {2S2) sug¬ 
gestions, which, on a dry-weight basis, contained within a 2- or 3- 
percent variation for each factor, 26 percent of fat, 40 of carbohydrate, 
6 of ash, and 30 of protein. These were supplied to the do^ at 
the rate of approximately 36 calories per pound of body weight. 
The protein was supplied from different sources. He concluded that 
liver was a better somce of protein for lactation than eggs or round 
steak. 

Linton has suggested that the average diet for a dog should contain, 
on a basis of drj"^ weight, 22 percent of protein, 5 of fat, 70 of carbo¬ 
hydrate, 0.5 of fiber, and 2.5 of ash. 

ENERGY REQUIREMENTS 

The energy requirements of the dog vary widely with size, age, 
activity, and nutritive condition. It has been shown (167) that tlie 
maintenance requirements of adult animals for both protein and total 
energy vary directly with surface area or with the two-thirds to 
three-fourths power of the body weight. Thus the smaller the dog the 
greater the maintenance requirements per unit of body weight—assum¬ 
ing energy, external temperature, and nutritive condition to be the 
same. Young, growing dogs, however, require more food for mainte¬ 
nance, aside from the requirements for growth, than adult dogs. 
The puppy requires two or three times as much energy-producing 
food as an adult dog of the same weight. 

In addition to maintenance and growth, food must supply the energy 
used in exercise or work. It is commonly said that the dog should be 
fed just sufficient to be kept healthy but not fat, since his normal 
conoition is lean. Linton (687) has stated that the appetite of the dog 
cannot be trusted as a guide to the amount of food he requires, and 
has suggested the use of a table compiled by Dechambre as a suitable 
guide m estimating the amounts of energy required by adult dogs 
under different conditions of activity. Table 2 is an adaptation of 
Dechambre’s table as cited by Linton. 


T4BLE 2 .—Energy requirements dogs of different weights for maintenance, moderate 

activity^ and great activity 


Weight of dog 

j Total calories for— 



Total calories for— 

1 Mainte- 
i nance 

[ 

Moderate 

activity 

. Great 
' activity 

1 . 

Weight of dog 

Mainte- 
1 nance 

Moderate 

activity 

Great 

activity 

Kilograms 1 Pounds 

( 

1 Calories 

Calories 

1 

Calories 

1 

Kilograms 

Pounds 

Calories 

Calories 

Calories 

5 ' 11 

! 620 

680 

860 

27 

69.4 

1,550 

2,060 

2,620 

10 ! 22 

865 

1,140 

1,440 

40 

88 

2,020 

2,670 

3,400 

15 33 

1,080 

1,360 

1,680 

50 

no 

2,330 

3,085 

3,030 

20 44 

1,265 

1.665 

2.120 

60 

i 1 

132 

2.640 

3.400 

4.450 
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REQUIREMENTS OF DOGS 

Contrary to the usual opinion in regard to the iinreliability of the 
dog’s appetite as an index of his requirements, Cowgill (^34) concluded 
from some experiments that, when all dietary essentials are offered 
in sufficient quantity and there are no pronounced mental influences 
operating dogs will voluntarily adjust their food to their energy 
needs. The amounts of food consumed by the experimental dogs 
during periods of nutritive adjustment under the conditions of his 
experiments were such as to furnish 64 calories per square meter 
(1.196 square yards) of body surface per hour. This corresponds 
roughly to 32 to 36 calories per pound of body weight per day for 
dogs weighing approximately 15K pounds. 

Slightly higher values for maintenance requirements have been 
reported by Giuliani (44^)) who concluded from his experiments that 
22-pound dogs need 40 calories per pound per day, while dogs weigh¬ 
ing 110 pounds require only 22 calories. 

MINERAL REQUIREMENTS 

The mineral requirements of the dog are usually estimated on the 
basis of requirements established for human nutrition. Arnold and 
Elvehjem (36) have suggested the folloAvin^ amounts as the probable 
requirements of the adult dog for the 11 minerals that are at present 
considered essential: 


Minimum suggested requirement per pound of body weight per day 


Mineral 

Oram 

Mineral 

Grn m 

Calcium___ 

0.009 

Phosphorus_ 

_ .018 

Sodium chloride_ 

. 136 

Zinc.. 

_ . 000027 

Copper __ 

.000027 

Potassium _ _ 

_ .036 

Iron_ - _ 

Magnesium. -- 

Manganese_ 

.00018 
___ .0045 

... .000018 

Iodine... 

Microgram 
_ .45 


Aside from the added salt (sodium chloride) required for rations 
containing a large proportion of plant products, if natural plant and 
animal foods are fed, probably the only minerals that require special 
consideration are calcium and phosphorus. These two make up about 
14 percent of the total weight of the bony skeleton, and this 14 percent 
contains approximately 99 percent of all the calcium and 80 percent of 
all the phosphorus in the body. It is readily seen that during the 
growing period when bone is being laid down rapidly there is a greatly 
increased requirement for these structural elemen ts. 

A deficient supply of calcium or phosphorus in the diet of the grow¬ 
ing animal, or an interference in their absorption and metabolism, 
results in malformation and poor development of bones and teeth. 
Any disturbance in mineral metabolism that results in abnormal 
calcification of the growing bones is usually termed rickets. This con¬ 
dition may occur as the result of low calcium, low phosphorus, or a 
deficiency of vitamin D. • i • j • 

Morgan’s {814) observations have indicated that rickets m dogs is 
usually of the low-phosphorus type. This is probably related to a 
faulty utilization of phosphorus rather than to a deficiency in the 
phosphorus content of the diet, since, when natural foods are used, 
low-phosphorus diets are less likely to be enconn^red than low-cal¬ 
cium diets. A ration consisting of a large proportion of muscle meat 
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alone or of muscle meat and cereals is apt to be deficient in calcium. 
This deficiency may best be compensated for by the addition of bone- 
meal, ground bone, milk, or calcium phosphate. 

VITAMIN REQUIREMENTS 

Vitamins have been largely described in the past by the diseases 
resulting from their absence. It is being recognized more and more 
that many of the subacute symptoms of general unfitness in dogs may 
be attributable to an inadequate supply of one or more, of these essen¬ 
tial food factors. 

VITAMIN A 

Symptoms of advanced deficiency of vitamin^ A in dogs are an eye 
disease with resulting impaired vision, inflammation of the conjunctiva, 
or mucous membrane which lines the eyelid, and injury to the mucous 
linings of the body. Less easily recognized symptoms' are an appar¬ 
ent lowered resistance to bacterial infection, especially of the upper 
respiratory tract, retarded growth, and loss of weight. 

Diseases due to vitamin A deficiency may be well established while 
the animal is still gaining in weight. In recent years Mellanby and 
others have drawn attention to the occurrence of nerve lesions in 
animals receiving diets deficient in vitamin A. Lack of muscular 
coordination and paralysis have been observed in dogs, and in many 
cases degeneration has been demonstrated in the central and pe¬ 
ripheral nervous systems. Mellanby has suggested that local infection 
may be the result of such nerve lesions. Recently Mellanby (779) 
has found that young dogs kept for some months on diets deficient in 
vitamin A become deaf. 

The daily requirements of the dog for vitamin A have been esti¬ 
mated at various figures between 10 and 36 International Units per 
pound of body weight per day. 

Good sources of vitamin A are fish-liver oil. liver, green leaves and 
other green vegetables, kidney, heart, tomatoes, carrots, cheese, eggs, 
butter, and milk. 

VITAMIN B, (THIAMIN) 

Vitamin Bj deficiency in the dog is characterized in its early stages 
by retarded growth or loss of weight and decreased fertility. There 
are also loss of appetite and impaired digestion. In advanced stages 
the animal is paralyzed, there is an accumulation of fluid in the tissues, 
and death eventually occurs apparently from heart failure. 

Vitamin Bi is partly destroyed by heat at temperatures beyond 
100° C, (212° F.), especially in the presence of alkali. Canine daily 
requirements have been estimated at approximately 3 micrograms 
of the crystalline vitamin Bi per pound of body weight. 

Important sources of thiamin are yeast, the germ and outer husks 
of grain, liver, milk, eggs, carrots, and tomatoes. 

RIBOFLAVIN 

The water-soluble, heat-stable vitamin, riboflavin, of the vitamin 
B complex, is essential to the dog for growth and for the maintenance 
of a h^thy skin. Street and Cowmll (1107) have estimated that 
11.3 lOMiograms a day per pound of body weight will maintain a dog 
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in health for an extended period. Early deficiency symptoms are a 
variable dermatitis j advanced cases are terminated by death following 
collapse. 

Liver, kidney, yeast, and milk, particularly the whey, are rich 
sources of riboflavin. This vitamin has a wide distribution in plant 
as well as in animal foods. 


NICOTINIC ACID 

This water-soluble, heat-stable factor is widely distributed in ani¬ 
mal tissues and occurs in niuch lower concentrations in plant foods. 
A deficiency of the factor in the diet of the dog results, in its milder 
forms, in a loss of appetite and of weight; in acute stages, in the canine 
disease called blacktongue, followed by death. Sebrell and his asso¬ 
ciates (10^2) found that a semiweekly dose of 10 milligrams of nico¬ 
tinic acid is ample to prevent blacktongue for at least 6 months, the 
duration of the experiment. A daily allowance of 2.2 milligrams per 
pound of body weight has been estimated as more than sufficient to 
supply all requirements. 

Good food sources are meat, yeast, fresh or canned milk, eggs, and 
peanut meal. Experimental work with canine blacktongue, which 
is analogous to human pellagra, has shown that canned mustard 
greens, canned turnip greens, and canned spinach are fair sources of 
nicotinic acid; and 6K ounces of cooked rabbit meat, 6^ ounces of 
smoked pork shoulder (cooked), or 11^ ounces of canned chicken fed 
daily in, 2,400 calories of an otherwise blacktongue-producing diet 
protected the dog from the disease ( 1024 )- 

VITAMIN C 

Although there are some reports of spontaneously occurring cases 
of scurvy in dogs that have been cured by the feeding of good sources 
of vitamin C, it is believed that the normal dog can synthesize this 
vitamin in his own body. 

VITAMIN D 

An adequate supply of vitamin D is essential for the proper develop¬ 
ment of bones and teeth. This factor serves as a necessary regulator 
of the absorption and metabolism of calcium and phosphorus. A 
deficiency of it results in rickets or osteomalacia flate rickets) even 
though the diet contains adequate amounts of calcium and phosphorus. 
In the presence of adequate amounts of calcium and phosphorus, K to 
1 International Unit per pound of body weight per day is sufficient to 
protect a dog from rickets. The best sources are sunshine, fish-liver 
oils, irradiated ergosterol, and egg yolk. 

Experiments with very large doses of irradiated ergosterol have 
shown that a condition of “hypervitaminosis” characterized by the 
deposition of calcium in the arteries and organs can be induced. The 
range between the body requirements and the harmful dose is wide, 
but the possibilities of overdosage should be kept in mind. 

Morgan has recommended for young pups and pregnant bitches % 
to 1 tablespoonful per day of cod-liver oil or other vitamin D-contain- 
ing oil. Adiilt dogs living out of doors probably do not need extra 
vitamin D except in pregnancy. 



FEEDING DOGS 


by S. R. Speelman ' 


HERE are practical directions for the feeding of dogs, including an 
account of the kinds and quantities of feeds that may be' used, prepara¬ 
tion of feeds, special feeding at different periods of life, and precautions 
against unwise feeding. 


DOG FEEDS 

The feeds commonly used for dogs include meats and other animal 
products, vegetables, cereals, and commercial mixtures (dog biscuits, 



Figure 1 .—Proper feeding will help to keep this litter of nine puppies healthy and 

insure their normal growth. 


meals, and canned foods). Bones are considered an essential food by 
some, but in reality they are merely mineral supplements, which may 
not be required in many rations (fig. 1). 

MEATS AND OTHER ANIMAL PRODUCTS 

Of the various meats and animal products ordinarily available for 
feeding, most dog owners prefer beef. For economy, cuts from lean 

I S. R. Speelman is Associate Animal Husbandman, Animal Husbandry Division, Bureau cf Animal 
Industry. 
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portions of the carcass are favored. Lamb and mutton also are good 
meats to use when they are properly prepared and not too high in 
price. Pork is not greatly relished by dogs generally, probably 
because of its hi^h fat content, and it is seldom fed. The use of 
poultry of any* fand, particularly those portions having bones that 
splinter easily, is not generally recommended. In some localities 
fresh horse meat can be purchased from slaughterhouses at a rather 
low price. This product is economical ami usually satisfactory when 
fed regularly. However, it should not be used unless it comes from 
a healthy animal that has been slaughtered and handled in a sanitary 
inanner. Horse meat fed in large amounts infrequently may cause 
diarrhea. 

Fish makes a satisfactory substitute for meat when given occasion¬ 
ally (about once weekly), provided it does not contain harmful bones. 
"Wholesome canned salmon is a preferred fish food and is the one most 
often used. Salmon is especially valuable and usehd when fresh meat 
cannot be obtained. Canned tuna fish is also suitable, as is cod. 
Cows’ milk and hetis’ eggs are other valuable meat substitutes. They 
can be included in the rations of many dogs, particularly young, grow¬ 
ing puppies and breeding stock. Skim inilk and buttennilk, including 
the dried forms, are good feeds for some dogs, particularly mature 
animals, but they are not used as extensively as whole milk. 

Methods of feeding meat vary with individual owners and handlers. 
Some prefer to give all mature animals raw meat, others favor cooking 
it, and still others feed raw and cooked meats alternately. The last- 
mentioned plan gives variety, which may be a. very important factor 
when the dogs are finicky eaters, and is often desirable. With ordi¬ 
nary refrigeration, cooked meat usually keeps in good condition longer 
than raw meat. Unless the cooking is properly done, however, it 
may remove considerable nutriment from the meat. Meat for dogs 
may be boiled, roasted, or broiled, but should not be fried. Food 
losses during cooking may be minimized if the cellular structure in 
the outer surface of the meat is closed by immersing it in rapidly 
boiling water for a short time or by searing it. Thereafter, the cook¬ 
ing should proceed slowly, and the broth or meat juices obtained in 
some instances should not he discarded, because they are valuable 
for moistening stale bread, dog biscuits, and dry cereal feeds. 

Many dog raisers believe that meat feeding shoidd be begun early, 
when the puppy is approximately 3 weeks old. At this age, about a 
teaspoonful of finely ground, lean hamburger or well-minced, raw, 
lean beef (slightly seasoned with salt) may be given most puppies 
once daily. This allotment should be increased daily thereafter, in 
order to accustom the puppy to solid food and prepare it for weaning 
at 6 weeks of age. As with all feeds, the amount of meat to give 
any young dog varies somewhat and is dependent on a number of 
factors. Ordinarily, however, a 6-weeks-old weaned puppy of a medium¬ 
sized breed may be fed one or two tablespoonfuls of lean meat daily, 
though it is sometimes advisable to begin with less if the puppy is 
not used to this food. Puppies of the smaller breeds, of course, need 
less meat than this and those of the larger breeds more. As the 
anim&ls grow older the meat allotment should^ be increased gradually 
until they are xeceiving a full allowance, that is, the amount required 
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at maturity. Puppies are placed on full feed ordinarily between the 
ages of 4 and 12 months, the time being determined principally by 
the size of the breed to which thev belong. Dogs of the small breeds 
usually are mature when 1 year old, and they may receive a full meat 
ration at 4 to 6 months of age. In the larger breeds, maturity is 
attained at IK to 2 % years, and in most instances puppies of such 
breeds may receive full feed when 8 to t2 months old. 

The meat given to mature do^ may be fed in large chunks, in 
medium-sized pieces, or ground. Meat should not be fed on the bone 
unless the bones are quite large and will not splinter or lodge in the 
mouth, throat, stomach, or intestinal tract. Most poultry bones 
splinter, fish bones are sharp and very dangerous, and some lamb 
and mutton bones lodge badly. None of these or other bones of 
similar character should ever be used. 

In cold climates and in cold weather more meat is usually fed than 
in warm climates and in hot weather. Moreover, if the dog is closely 
confined a considerable part of the time and is given little exercise, 
the meat allowance generally should be less than when the animal 
is living under outdoor conditions with an unlimited range of activity. 

Although the dog is a carnivorous animal and well equipped to 
digest and assimilate various kinds of meat, some portions of this 
food are much more valuable than others. Skin, tendons, and 
cartilage are not digested easily, and it is not advisable to include a 
large proportion of these in the average ration. Both muscle tissue 
and glandular organs are required for the best feeding results under 
general conditions, and they may be given at different times. Of the 
internal oigans, the heart, liver, and tnpe are rnost often used. Muscle 
tissue keeps fairly well raw with adequate refrigeration, but ordinarily 
it is necessary to cook glandular organs if thev are to be kept for any 
length of tinie. Most meat is so thoroughly digested by the dog 
that little residue is left as fecal matter. Because of this, heavy meat 
feeding is conducive to constipation. 

When salmon is fed as a meat substitute, it usually is given as it 
comes from the can. The same applies to tuna fish. Other fish may 
be fed cooked or raw, but they are preferable when cooked and always 
must be boned thoroughly. Because the protein content of fish is 
usually somewhat lower than that of good lean meat, it is necessary 
to feed more fish to obtain the same protein balance. On the average, 
one-fourth to one-half more fish will be required for this purpose, 
unless other protein feeds are substituted. 

Except for young puppies, cows’ milk is ordinarily fed unmodified. 
The amount of milk different dogs will consume is variable, but except 
for puppies and some breeding stock, K to 1 pint is a normal daily 
allowance for most small and medium-sized animals, and 1 to 2 
quarts should be ample for large dogs. As a matter of economy, 
skim milk may be substituted for whole milk in some cases. This 
substitution should not be made for young puppies, however, and it 
it probable that brood bitches also will do better on whole milk. 

Eggs may be given raw with or without milk, or they may be slightly 
heated in not water (coddled) before feeding. Occasionally eggs are 
fed hard'^b^iled and chopped. When eggs are used in the diet, only 
one or twd’Miould be allowed daily in most instances, except that more 
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may be given to breedmg animals, sick or convalescent dogs, and some 
fas^growing puppies of the large breeds. Eggs are also a valuable 
feed for conditioning purposes and many exhibitors use them exten¬ 
sively to put their charges in “show shape.” 

Meat or other animal products are primarily protein-supplying 
feeds of excellent biological value for growth and development in 
young an^ak and for repair of tissues and reproduction in mature 
stock. For the best feeding results, they must be regularly included 
in dog rations. 

The proportion of animal protein feeds as compared with other 
feeds in the ration varies in practice, but there is no definite agreement 
on optimum requirements. In fact, there is a wide diversity of opinion 
among owners and breeders regarding the correct allotment for 
average conditions. Under many circumstances, however, it has 
been found to be good practice to make the ration about 50 percent of 
meat or meat substitutes (by weight) for most mature dogs, and 65 to 
75 percent for young puppies and for pregnant and lactating bitches. 

VEGETABLES 

_ The primary functions of vegetables in the dog ration are to funiish 
vitamins and minerals, supply bulk- act as fillers—and regulate the 
bowels. 

Of the common vegetables, carrots, tomatoes, spinach, onions, and 
beets are fed rather extensively. Cabbage, turnips, string beans, ami 
certain other green vegetables are sometimes used. Potatoes, fresh 
com, shelled beans, and peas are considered undesirable by many dog 
owners, because some are hard to digest and others are believed to 
cause disorders of the skin or of the digestive system. 

Methods of preparing and feeding vegetables vary somewhat depend¬ 
ing on the kind used. Root vegetables have a large amount of indi¬ 
gestible cellulose and must be cooked if it is desired to liberate the 
starch for feed purposes. Beets and carrots may be fed raw, if the 
primary purpose is to supply bulk to the ration. Raw tomatoes are 
particularly suitable because they can be mashed easily and mixed 
with various other feeds. Thorough mixing of vegetables with the 
other feeds is important, for otherwise many dogs will refuse to eat 
them. A satisfactory way of mixing some vegetables with meat is 
to cook them together as a stew. Meat and vegetables also may be 
sliced or chopped, mixed, and run through a meat grinder together. 
Where a vanety of vegetables is available, it is well to select the ones 
that are liked best by the dogs. The extensive use of vegetables 
having a high fiber content should generally be avoided. 

Where feeds of animal origin make up one-half of the ration of ma¬ 
ture dogs, vegetables may constitute about one-half of the remamder, 
or 25 percent of the total. If this results in excessive looseness of the 
bowels or other digestive disturbances, the amount of vegetables usually 
should be decreased somewhat. However, those who live in commun¬ 
ities where farm livestock feeds can be bought may find that a small 
quantity of dried beet pulp, added to the dog’s ration as a corrective 
when vegetable feeding causes diarrhea, will give beneficial results. 
Diarrhea is also checked in many cases by the feeding of small quan¬ 
tities of bonemeal. 
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CEREALS AND CEREAL PRODUCTS 

The various cereal grains and certain cereal products generally are 
not greatly relished by dogs. Such foods slioidd be used in most cases, 
nevertheless, since they are valuable in supplying bulk, energy, protein, 
some vitamins, and minerals. The cereal grains most commonly util¬ 
ized in some form for dog feeding are corn, rice, oats, wheat, and barley. 

Coni is used chiefly as meal to mal^e com bread—a feed that is 
best adapted to cold-weather rations and for dogs getting abundant 
exercise. Cora bread is high in carbohydrates and is not recommended 
for animals suffering from skin disorders. 

Rice is considered a suitable dog feed by some but not by others. 
To be satisfactory for use, it must be cooked thoroughly and it shoidd 
be slightly seasoned with salt to increase palatability. Unpolished 
rice is superior to the common polished type in mineral and vitamin 
content, but it is also higher in fiber content. Some authorities 
think cooked rice causes skin troubles similar to eczema, but this may 
be due to deficiencies in the ration because of an overuse of rice. 

Oats are sometimes of value for dogs if ground or rolled. Such feed 
must be cooked thoroughly. Like corn bread, it is best for active, 
outdoor dogs and for cold-weather rations. Injudicious use of oat¬ 
meal is said to cause certain skin troubles and intestinal disorders. 

Except in commercially prepared canned foods, wheat is seldom used 
as a cooked grain for dog feeding, but various products made from this 
cereal often find their way into the canine ration. Chief of these are 
bread, some dry prepared breakfast foods, and dog biscuits and meals. 
Bread is useful in a variety of forms. Sometimes it is given buttered 
to tempt the appetites of young puppies and dogs off feed. Dried or 
toastecf bread that is not needed for human use makes a good cereal 
food for dogs when given in combination with meat broths, soups, or 
milk. When fed in this way, only enough liquid should be added to 
moisten the bread. Bread must never be used if it is moldy. 

When prepared breakfast foods made from wheat or other cereal 
grains are fed, they are usually moistened with milk, meat broth, 
soup, or water. Such foods seem particularly suitable for a light morn¬ 
ing meal, and they are being used rather extensively. If a number of 
dogs are owned, it is often possible to economize on the purchase of 
dry prepared breakfast foods by getting those portions that have been 
broken or crushed in the manufacturing process. This food cannot be 
marketed for human consumption and sells for a relatively low price. 

Dog biscuits of various kinds are also generally suitable for supply¬ 
ing the cereal portion of the ration. They may 6e fed dry, inoistened, 
or mixed with cooked meat and vegetables. These biscuits can be 
obtained in many sizes and shapes (square, oval, bone-shaped, cubes, 
pellets, or kibbled—broken into small pieces), and their composition 
is variable, depending on the specific use for which they are intended. 
However, practically all of them are high in cereal and low in moisture 
content, and they consist of various combinations of meat byproducts 
or meat, cereal grains or products thereof, ground bone, dried-milk 
products, legume meals, cod-liver oil, fish meal, molasses, salt, yeast, and 
other substances. Coinmercially made dog meals are usually similar to 
dog biscuits in composition, but they are ordinarily not so well adapted 
to a variety of uses. They are generally fed mixed with water or milk. 



FEEDING DOGS 


861 


Barley is not a very palatable dog feed, but it is used in the cooked 
form in some commercial mixtures, and barley water and gruel have 
been found useful for some sick animals and finicky eaters. 

In many instances, cereals may constitute approximately 25 percent 
of the total feed of mature dogs with satisfactory results. Moreover, 
if it is necessary to reduce the amount of vegetables below the 25-per¬ 
cent allotment previously mentioned, cereals may be used as a sub¬ 
stitute for the vegetables removed. 

CANNED DOG FEEDS 


Most of the feeds already mentioned ai’e well adapted to home prep¬ 
aration and mixing. In addition, there are available a large number of 
proprietary, ready-to-eat, canned mixtures and canned meat products 
made expressly for dog feeding. The composition of these mixtures is 
quite variable, depending on the individual formula and the quality of 
ingredients used, but in general they consist of cooked combinations 
of meat byproducts or meat, fish or fish meal, cereals and cereal prod¬ 
ucts, vegetables or vegetable products, ground bone and other mmeral 
matter, and various accessory substances, such as yeast, cod-liver oil, 
and charcoal. Judging from the analyses of some of these mixtures, 
they are usually characterized by a high moisture content—65 to 75 

E ercent or more. Moreover, while they are about ecjual to dry dog 
iscuits and other dry commercial dog foods in fat content, they are 
usually much lower in protein, carbohydrate (as nitrogen-free extract), 
and mineral matter. Most canned mixed foods are intended to be 
used without supplements. Canned meat products, however, are 
adapted to mixing with other feed, such as vegetables and cereals. 

The use of canned dog feeds has become quite extensive in the 
United States within recent yearn, and many such products are now 
marketed and advertised as complete dog rations. No doubt a con¬ 
siderable part of the growth in popularity of the commercial mnxtures 
is attributable to the fact that these foods generally need no prepara¬ 
tion and can be quickly and easily fed. These advantages, however, 
may at times become disadvantages, particularly when they tend to 
rob the dog of the necessary balance or variety of diet or when they 

are uneconomical. , ,, , j • 

The extent to which canned dog feeds should be used m any given 
case depends primarily on the needs of the dog and the relative 
quality, composition, and economy of the canned products compared 
with home-prepared rations. The labels on most caimed dog foods 
contain data on the kinds and percentages of ingrediwits in the mix¬ 
tures, and this information is useful in judgmg the merits of individual 
and competitive brands in some instances. Unfortunately, however, 
the average dog owner cannot usually determme the biolo^cal va ues 
of the canned products from the tables of contents and statem^ts of 
analyses: he does not know the optimmn percent*^^ of the different 
nutnente required by dogs of different ages and kinds; he camot 
estimate whether the commercial foods are as ewnomical and whole¬ 
some as home-prepared rations; nor can he follow the quantitaUve 
feeding recommendations some manufacturers mve and 
mum results. Because of these consideratious, it is-beheved 
economy, practicability, and desirabihty of usmg canned dh^feed 
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mixtures extensively may best be determined by individual owners 
through trial feeding tests. This seems to be particularly essential 
where no supplementan' feeds are used with the commercial mixtures. 
Moreover, before selecting any canned feed mixture it is well to study 
the manufacturer’s statement of ingredients and analysis, esjiecially 
the protein, water, fat, and fiber contents; determine if possible by 
examination whether it contains adulterants or harmfid ingredients; 
and check the net weight and feeding recommendations. 

BONES 

A great deal may be said regarding the merits and demerits of using 
bones in dog feeding. Bones are undoubtedly a good source of cal¬ 
cium and phosphorus, they can be digested fairly well bjr the dog 
when eaten correctly, and they are valuable for puppies during teeth¬ 
ing. However, because of the serious or fatal results that may follow 
the use of some bones, because excessive bone feeding catises constipa¬ 
tion, and because bone eating residts in abnormal wearing and break¬ 
ing of the teeth and provokes fights over possession of the bone, it 
appears that the demerits overbalance the merits. In most instances, 
therefore, it seems advisable to feed few bones and to rely on other 
feeds as sources of mineral matter. If these are not adequate, some 
ground bonemcal can be added to the ration. A specially prepared, 
steamed bonemeal made for livestock feeding is suitable for this 
purpose and is available in feed stores in most large commimities. 
Only a small quantity of bonemeal will be needed to supply the calcium 
and phosphorus requirements of most dogs. The neects of pupj)ies 
and brood bitches, of course, will be higher than those of other dogs, 
and allowance for the age and use of the animal should be made when 
feeding this mineral supplement. 

WATER 

Regardless of the kinds or quantities of meat, vegetables, cereals, or 
other feeds used in the ration, it is essential that all dogs except very 
young puppies be supplied with plenty of fresh, clean, cool drinking 
water. Some kennels utilize automatic drinking fountains or other 
water-supplying devices for this purpose. Where fountains are not 
used, the water in the drinking pans or crocks should be changed 
several times daily, especially during hot weather. Moreover, it 
usually is advisable to provide a separate water container for each dog 
or small group of dogs, and such receptacles must be kept clean. 

FEEDING PRACTICES 

FEEDING THE BROOD BITCH 

When the bitch is neither nursing puppies nor develophig unborn 
young, her feeding program may be about the same as that of other 
mature dogs. The principal aim should be to keep her in a sound, 
healthy condition and in medium flesh. One or two meals daily 
should be suflicient. 

When t^>bi<tch has been bred and the fetuses are developing, several 
cha nyj iite^ regular ration will be necessary. It is particularly 
the amount of feed be carefully and properly regulated 
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at all stages of pregnancy. For a short time after conception the aim 
should be to niaintain the bitch’s weight or increase it very slightly. 
Two meals daily are ordinarily sufficient for this purpose, and the 
amount of feed need be increased only slightly over that given before 
conception. As pregnancy advances, however, the allotment of feed 
should be gradually raised, and the number of daily feedings increased 
to three or four. Growth of the embryos is greatest during the last 
month of pregnancy, and the amount of feed needed during this stage 
m^ be about twice that ordinarily given before conception. 

Throughout pregnancy the feeds should include liberal amounts of 
lean meat, eggs, salmon or other fish, milk, and meat broths. Limited 
allowances of cereals and vegetables also may be included in the ration 
during most of the period, but not in proportions as great as those 
given before conception. Some breeders advocate discontinuance of 
cereal and vegetable feeding during the latter part of the pregnancy 
period, particularly the last week, in order to prevent overloading of 
the intestinal tract and undue crow<Uug of the fetuses. About a week 
before parturition it is usually advisable to make the ration slightly 
laxative in character. This may be accomplished by giving small daily 
doses of milk of magnesia or some other mild laxative. 

Wlien whelping has taken place, the feeding of the bitch requires 
especial attention until after weaning time. Feed for the 3 days fol¬ 
lowing parturition should be laxative in character, moderate in quan¬ 
tity, and light in composition. During the first day moderate amounts 
of warm milk, water, meat broths, or gruels are best. These and 
other light, sloppy foods should be given the second and third days 
also. After this the bitch may be changed back gradually to a more 
solid, substantial ration, such as the one used during pregnancy, ex¬ 
cept that the amount of vegetables may be reduced considerably or 
eliminated in order to decrease bulk, facilitate the utilization of more 
concentrated feeds, and possibly prevent the formation of acid milk, 
which some authorities believe is induced by vegetable feeding and 
which produces indigestion in nursing puppies. If the bitch suffers 
from constipation due to lack of vegetables, this may be corrected by 
small doses of milk of magnesia. 

The quantity of feed given during the nursing period should be 
regulated to meet the bitch’s condition and the demands made on her 
by the suckling puppies. Feed requirements will naturally increase 
as the youngsters gam in size, so the bitch’s ration must be ample to 
meet these requirements. In many cases the requirement will be 
twice that of the nonpregnant, nonlactating bitch. Milk is a particu¬ 
larly valuable food at this time, and liberal amounts of it should be 
given. The other feeds used must insure adequate protein, mineral 
matter, and vitamins for proper muscular and skeletal development 
of the litter. Just prior to weaning time (6 weeks) it may be neces¬ 
sary to reduce the bitch’s milk flow. To accomplish this the milk 
portion of the ration may be gradually diminished or discontinued 
entirely, and the amounts of the other feeds should be decreased con¬ 
siderably. If the milk flow is not stopped by this procedure, one or 
two puppies may be allowed to nurse the bitch occasionally for a 
short period, or she may be partially milked out by hand for several 
days. 
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After weaning, the bitch may be returned to her regular ration, 
provided she is in good condition. If the bitcli has lost much weight 
during the lactation period, she must be fed more than a maintenance 
ration. The (Quantity and quality of feed should be sufficient so that 
she may regain her losses and return to normal condition in about a 
month’s time. 

FEEDING THE STUD^DOG 

In some respects the feeding of stud dogs (breeding males) is similar 
to that of brood bitches. When not being used for breeding work, 
the stud dog may be fed about the same as other mature dogs. While 
in regular service, how'ever, the sire often requires a ration containing 
more food, particularly feeds that supply protein. When several 
services are made weekly over an extended period, it may be well to 
feed the stud dog three times daily, and liberal use should be made of 
eggs, meat, and milk in his ration. If breeding service is not exten¬ 
sive, two meals daily should be sufficient, and the quantity of feed 
need be increased very little. Eggs, meat, and milk should be a 
prominent part of such a ration, however. The aim in feeding any 
stud dog should be to keep his body weight about uniform and his 
physical condition excellent. When this is done he will be surer in 
service and, other things being equal, his puppies should be sound and 
sturdy. 

FEEDING PUPPIES 

Generally, the sole feed of puppies for at least the first 3 weeks of 
their lives is the mother's milk. The first milk is called colostrum, 
and it is vital that the youngsters receive this. Since puppies are 
born blind and are unable to walk, it may be necessary to place them 
at their dam’s breasts for the first nursings to insure their getting 
colostrum. (See article on The Nutrition of Very Young Animals, 
p. 501.) 

After 3 weeks of nursing the puppy may be gradually accustomed 
to other food. Cows’ milk is generally the best food to start with, and 
later this can be used in combination with stale bread, dry breakfast 
cereals, and puppy cakes or puppy meal. The milk usually should be 
fed unffiluted, and it should be warmed to approximately body tem¬ 
perature. 

In addition to the diet of bread, breakfast cereal, puppy meal or 
cakes, and milk, at about 3 weeks of age the youngsters should be 
given their first feeding of meat. The use of this feed in the puppy 
ration has already been discussed. Raw eggs beaten up in milk, tip- 
sweetened evaporated milk, and nongreasy broths made from meats* 
and poured over dry bread or jjuppy biscuits to moisten them are other 
valuable feeds for puppies during the preweaning stage. 

If puppies have been properly cared for and taught to eat solid and 
semisolid foods before weaning, no great trouble should be experienced 
from a feeding standpoint in raising them to maturity. The most 
important things to remember are to feed them r^ularly and often, 
to give feeds that will provide the required bone- and body-building 
material, to see that all feeds are of good quality and ample quantity, 
and to keep the feeding and drinking utensils clean (fi^. 2). 

Tte young dog is quite similar to the young child in its feeding habits 
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and should be fed a little at a time and often. Immediately after 
weaning it is usually necessary to feed five or six times daily. Later, 
young dogs may be led less frequently, but the amount of food given 
at each meal niust be increased. The schedule of feedings and the 
amount of food given at each meal are determined by the size of the 
Wg, the stage of maturity, and the kind of feed. In the small breeds 
one feeding may be discontinued about every 2^ months until the doo' 
IS on a two-ineal diet when 1 year old. Dogs of the larger breeds can¬ 
not have their feeding schedules changed so often, and there mav be 
intervals of 3 to 4 months between changes. At no time during' the 
growmg period should puppies be allowed access to food at will. 
Ivather, the animal should be given about 10 minutes in which to clean 
up each meal, and at the end of this time the uneaten portion should 
be remov^. By following this practice puppies are kept “on feed ’’ 
and they do not get food that is spoiled or dirty. VHien a number of 
puppies are fed, it generally is best to give them individual feed pans. 
In this way each dog will be sure to get the desired amount and kind of 
food, and the weaker ones will not be bullied and robbed by their 
stronger mates. 

Throughout the growing period the feeds should include liberal 
amounts of lean meat, milk, eggs, salmon or other fish, and meat 
broths. Cereals and vegetables may be included also in limited quan¬ 
tities, but they should not constitute a very large part of the ration 
during the early stages of puppyhood, and they should never be used 
III proportions as great as those given to mature animals. 

In addition to the regular feed given a puppy, many dog owners have 
found it advisable to include a small quantity of cod-liver oil in the 



f igure 2 ,—Puppies do not always show’ such good manners as this, but individual 
feed pans, kept scrupulously clean, and regular meal times will help to keep them 

healthy and happy. 
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The influence of reproduction and lactation on the feed requirements 
of breeding stock has been noted. Ordinary physical activity (work 
and.exercise) is also important in determining feed requirements, and 
careful consideration should be given this matter when planning 
rations. To determine the amount of feed that will give best results 
for dogs that are very inactive or those doing hard work, it is advisable 
to tn^ rations containing different quantities and combinations of 
nutrients. For the very inactive dog, the allotment probably can be 
reduced 25 to 35 percent below the recommendations given in table 1. 
For hard-working animals, however, an increase of 25 percent or 
more may be needed (fig. 3). 

Ordinarily, the effects of the quality, kind, character, and propor¬ 
tions of nutrients on quantitative requirements are most significant 
when very dry feeds or those of low energj" and biological value are 
used extensively. When the moisture content of the ration is low, 
as when dry foods are used to any great extent, considerably smaller 
quantities of feed may be needed. If the energy value or the protein 
content of the food is low, or the proteins are of poor quality, more 
feed should be given. Wliere radical departures are made from the 
recommendations already given for the proportions of animal protein 
foods, vegetables, and cereals, the total quantity of feed will probably 
have to be changed also, and in fact the ration may not give satis¬ 
factory results. Particularly is this true in the case of puppies and 


brood bitches. 


FEED ECONOMIES 


By careful planning and the adoption of correct feeding practices 
it is often possible to effect economies in rations without sacrificing 
either the efficiency of the feed or the health of the dog. 
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Where one dog of small size is kept, it may be practical to obtain a 
considerable portion of the food from table scraps, particularly stale 
bread, some vegetables, cereals, and meats, sour milk, etc. In the 
utilization of such food it is of course necessary to exclude fried and 
highly seasoned meats, dangerous bones, unsuitable vegetables and 
cereal products, and all other substances that have been mentioned 
here as undesirable. Moreover, the frfequent tendency and tempta¬ 
tion to use the dog as a scavenger or a second garbage pail is most 
certainly to be avoided. 

When more than one dog is fed, considerable economies cannot 
usually be obtained by using table left-ovCTS, but they may sometimes 
be effected by purchasing feed in quantities and by obtaining stale 
bread, cracked eggs, good meat scraps, broken cereals, and similar 
products that cannot be marketed for human use but are sound, 
wholesome, and entirely satisfactory for dogs. Also, in the purchase 
of meats it is not necessary to get the prime or top grades. In fact, 
the medium grades of meat are not only lower in price per pound but 
also a better feed for dogs, because such meat contains a higher propor¬ 
tion of lean and therefore a greater percentage of protein. 

Feed economies may also be effected by studying the habits^ prefer¬ 
ences, and idiosyncrasies of each dog. Although this article has 
attempted to outline general rules of dog feeding, the matter of indi¬ 
viduality is a factor that only the owner or feeder is in a position to 
observe and handle, and he must determine the correct proportions 
and kinds of feed that will give optimum results under specific condi¬ 
tions. Once these facts have been established, there should be little 
food waste. 

FEED DEFICIENCIES 

WTien dogs are ^ven adequate rations containing a variety of feeds 
of animal and plant oririn such as have been suggested, there should 
be no serious nutritional deficiencies requiring the use of special prod¬ 
ucts to supply vitamins, mineral matter, or other nutrients. There 
are instances, of course, as in the case of fast-growing puppies of the 
large breeds or bitches nursing large litters, where vitamin and mineral 
supplements may be beneficial. However, such products should not 
be^ employed indiscriminately, nor should dogs be dosed with pro- 
prietaiy articles to cure or correct conditions that are largely imaginary 
or that do not result from faulty nutrition. If the dog does not t^ive 
on a ration of sound, wholesome foods, a veterinarian should be 
consulted. 

FEEDING SUGGESTIONS IN BRIEF 

Many dogs are overfed. Others do not receive adequate rations. 
Both extremes should be avoided, but particularly overfeeding. 

Overfeeding, coupled with lack of exercise, usually produces ex¬ 
cessive body weight and laziness, and it may induce sickness and 
imTOtency. 

Prolonged undernourishment causes loss of weight, listlessness, 
sickness, and death. 

The alntin feeding puppies should be to keep them growing steadily 
and unilMnly. but not too fast. 
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It is usually advisable to keep puppies just a trifle hungry. This 
mav be accomplished by feeding a little at a time and often. 

An adequate ration will keep most mature dogs at a uniform body 
weight and in a lean, thrifty condition. This is a very useful guide in 
determining the correct amounts to feed. 

Generally, the use of too hot, too cold, highly seasoned, fried, or 
sweet foods should be avoided. However, most cooked foods should 
be slightly seasoned with salt. 

The appetite of the dog cannot usually be taken as a guide to its 
feed requirements. Many dogs will overeat if given the opportunity. 

The axiom, “One man’s meat is another man’s poison,” is applicable 
to dogs also. Feeds that are not tolerated by the dog or those that 
cause digestive and other disturbances should not be used. 

The use of moldy, spoiled, or rotten feed is never a good practice. 

The excessive use of feeds of low energy content and low biological 
values will often result in poor ooiulition and may cause loss of weight 
and paunchiness. 

Economies in rations and feeding practices are desirable, but not if 
they are obtained at the expense of the dog’s health and etricieucy. 

All feeding and drinking utensils must be kept scrupulously clean. 

The crude-fiber content of the ration should be kept at a low level, 
usually below 2 percent. This is ordinarily accomplished by a ration 
that contains a good proportion of feeds of animal origin. 

It is usually desirable to reduce the feetl allotment during hot 
weather. 

Dogs should be fed at regular intervals, and the best results generally 
may be expected when regular feeding is accompanied by regular 
exercise. 

Most dogs do not thrive on a ration con tabling large amounts of 
sloppy feeds, and excessive hulk is particularly to be avoided in the 
feed of hard-working dogs, puppies, and pregnant and lactating 
bitches. 

Hard-working dogs and those getting abundant exercise require less 
vegetable matter in the ration than i<lle, nonworking animals. 

Maintenance of a weekly weight chart is useful, and it is especially 
advisable where numbers of dogs are being fed. 

If the ration is known to be adequate and the dog is losuig weight or 
is not in good condition, the presence of internal parasites is to be 
suspected. 

It is not usually advisable to feed either dii’ectly before or directly 
after working or exercising the dog. Rather, allow the dog an hour of 
rest before feeding. 

The feed requirements of puppies, workm^ dogs, and brood bitches 
are often quite high. The use of feeds of h^h energy and biological 
value—preferably feeds of animal origin—^is particularly valuable for 
such stock. 

Sometimes do^ go “off feed’’ for a day or two. When this occurs 
they should not be forced to eat, but if they do not voluntarily return 
to feed within 2 days, a vetermarian should be consulted. 

In general, sick and convalescent dogs need easily digested, readily 
assimilable feed, but no specific recominendations that will apply to 
various diseases and conditions can be given. 
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Although the dog may show no immediate or outward signs of the 
effects of improper feeding or malnutrition, this does not prove that no 
harm is done. 

A good coat, bright clear eyes, and an abundance of pep are reliable 
indications that the ration is adequate. 

Mature dogs are usually fed twice daily, a light meal in the morning 
and a heavier meal in the afternoon or evening. However, if the dog 
is used for watch or guard purposes at night, it is best to give the 
heavier meal in the morning. 

The ultimate aim of feeding should be to obtain longevity and a con¬ 
stant state of good health. 



NUTRITION OF FUR ANIMALS 


by Charles E. Kellogg' 


SILVER FOXES , minks, and rabbits arc now being raised as 
part-time enterprises on a considerable number of farms, and some 
producers are in the business on a large scale. There is also some interest 
in the raising of martens and fishers. Here is a summary of the scientific 
work—not yet very extensive—that has been done on the feeding of 
of these animals, with special emphasis on its practical application. 


The only pur animals that are now being raised coniinercially to 
any great extent are silver foxes and minks. Martens and fishers also 
have commercial possibilities if satisfactory reproduction can be 
obtained in captivity. Attempts have been made at one time or 
another, largely through the efforts of propagandists, to “ra.nch-raise” 
skunks, badgers, raccoons, beavers, and muskrats for their fur, but 
the undertakings were not profitable because the cost of feeding and 
other costs of production exceeded the market quotations on similar 
wild-caught skins. A striking mutation may develop in some of these 
species, however, which will produce an animal with new characteris¬ 
tics that will make production in captivity remunerative. 

Natural selection in the wild, where matings are promiscuous, 
fosters the survival of those animals best fitted to live under rigorous 
conditions. The survival of fur animals in captivity, where matings 
can be controlled, is dependent upon their ability to produce beautiful 
pelts economically under more or less pampered conditions, rather 
than upon adaptation to rigorous competitive living. The profitable 
ty^pe is the docile, tractable, easily kept animal that responds to care 
without putting on excess fat and becoming sluggish and nonproduc¬ 
tive. Economy of handling in captivity does not permit the retention 
of animals that require considerable exercise to be prolific. Elimina¬ 
tion of the undesirable types is taking place on the more progressive 
ranches, though most emphasis in selection has thus far been placed 
on color and density of fur, prolificacy, and other factors that have a 
greater immediate bearing on commercial value. 

^ Charles E. Kellogg is Biologist, Section of Fur Resources. Division of Wildlife Research. Bureau of Bio¬ 
logical Survey, whlcn was transferred to the Department of the Interior July I, IW9. 
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The abundant available information on human and domestic- 
livestock nutrition provides some foundation on which to develop 
suitable rations for fur animals in captivity. But after all, foxes, 
minks, martens, and fishers are carnivorous animals recently taken 
from the wild, and much remains to be learned about their food require¬ 
ments, This fact has caused governmental authorities in this and 
other countries to establish experimental units for specific research 
on the nutrition of fur animals that give promise of profitable com¬ 
mercial production. 

RESEARCH ON FUR ANIMALS LIMITED 

Though numerous experiment stations in the United States are 
studying the nutrition of domestic livestock, only one Federal ex¬ 
periment station, three State agricultural experiment stations (Oregon, 
Wisconsin, New York (Cornell)), and one Territorial station, arc 
doing nutritional research work with fur animals. The studies at all 
the State stations were started within the past 2 years, and those at the 
Territorial station, at Juneau, Alaska, were initiated in the fall of 1938. 
Cornell University conducted a metabolism study with minks for 1 
year (1936), and in the fall of 1938 began research work on the 
nutritive requirements for growth, fur production, and reproduction 
of foxes and mi n ks in cooperation with the Bureau of Biological 
Survey. 

The United States Fur Animal Experiment Station at Saratoga 
Springs, N. Y., had been located from 1916 to 1923 at Keeseville, 
N. Y. Small numbers of silver, red, cross, and blue foxes, martens, 
minks, fishers, badgers, skunks, and domestic rabbits have been main¬ 
tained at this station at different times. All species were eliminated 
by 1938 except silver foxes, minks, and martens. Testing various 
types of equipment, pens, and kennels, checking trial feed formulas, 
and perfecting methods of handling and management were essential 
in the earlier years before controlled experimental work could be in¬ 
augurated. Satisfactory control of fur-animal diseases and parasitic 
infestations also had to be established. All of these studies provided 
fundamental information of distinct value to fur farming. 

SILVER FOXES 

CHARACTERISTICS AND BREEDING HABITS 

The beauty of the sUver fox fur is partly due to the fact that foxes 
have two types of hair—fine underfiir and longer, coarser top hair 
called guard hair. Many of the guard hairs have white bands of vary¬ 
ing widths toward the tips; these hairs are not entirely white or 
even white-tipped, as is commonly supposed. The silver-black fox is 
a mutation of the red fox in which the black pigment has replaced the 
red. The white bands appear silver on the black background. The 
degree of silver is determined by the width of the white band and 
the frequency of these banded hairs over the entire body of the fox. 
The present popular bright silver pelts have wide bands of clear white 
on most of the guard hairs over the entire body except the neck 
regitm. The black tips of the guard hair overlying or veiling the 
clear wllite band accentuate the silvery appearance. The clearness 
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of tlie colors, though largely due to selective breeding, is affected by 
feeds and by systems of management. 

The mutations to black occur in wild red foxes in Alaska as well 
as in the eastern part of t'anada. The silver fox developed from tlie 
eastern strain, most common on farms at the present time, is known 
as the eastern standard type. The average weight of males of this 
type at maturity is 12 to 15 pounds and that of the females 10 to 12 
pounds, when in good thrifty condition. Matings occur from middle 
January to middle March. Pair-mating 1 male, technically known 
as a dog, and 1 female, or vdxen, in the same pen is followed by the 
larger ranchers. Recently some of the small ranchers have been 
mating their foxes polygamously, that is, using I dog to breed as many 
as 10 vixens. 

Not more than one litter is produced each year after a gestation 
period of 52 days. A few litters of 9 or 10 are obtained, but an average 
production of 3K to 4 young for every vixen is considered satisfactory, 
and of course some of the vixens do not produce each year. Though the 
ranchers with large numbers of animals leave the pups with the parents 
until September, othei's wean them at about 8 weeks old. when they 
weigh about 4 pounds, male pups being about a quarter of a pound 
iieavier than females at this time. Smith {1067, p. S6Y found the body 
length of male pups to be lf )}4 inches at this age and that of females 
15K inches. Tlie young fo.xes attain the weight of mature animals 
when about 7 mouths old. The pelts are taken in November or 
December when the animal is 9 to 10 months old, depending on 
climatic conditions. Fox pups will breed the following spring when 
they are about 1 year old. 

The mature animals begin shedding their fur the early part of 
June. Shedding is usually complete by August, depending on climatic 
conditions and general health of the animal. A full growth of new fur 
must develop by pelting time in early winter. Though it is generally 
believed that pups shed their fur the process is q^uite gradual. 

Foxes are productive until 9 to 10 years of age but they are seldom 
kept that long. At present the higher prices prevailing for pale silver 
skins are inducing fox breeders to replace the darker mature breeding 
animals with lighter-silvered pups. 

MANAGEMENT PRACTICES 

At the larger ranches the breeding pairs of foxes are still provided 
with ground-ffoor pens 20 by 40 feet to about 40 feet square with a 
2-foot wire overhang to prevent escape. At other ranches the males and 
females are maintained in separate pens with raised wire floors (fig. 
1, C), for sanitation and control of parasites, 6 to 8 feet wide and rang¬ 
ing from 16 to 30 feet long and 4 to 6 feet high. A wire netting covers 
the top of this entire pen. The specialized larger ranches about October 
1 transfer the animals to be pelted into “furring runs” (fig. 1, A). 
A hirring run may be a fenced area of 25 acres of dense woods, which is 
sufficiently large* for about 500 animals. Usually no shelter is pro¬ 
vided. Other fox farmers have built raised wire-floored furring sheds 
large enough for confining 50 to 100 foxes during the day; these animals 
may be released during the night into a large fenced outdoor runway. 

* Italic numbers in parentheses refer to Literature Cited, p, 1075. 
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On other farms the sheds are divided into compartments for 2 to 4 
animals each. Protecting the foxes from sunlight tends to produce 
clearer-colored pelts free from a rusty or tinged appearance. 

The lai^est ranches have as manjr as 8,000 vixens and employ a 
large crew of men. Smaller enterprises may have as few as half a 
dozen vixens being taken care of at odd moments. The majority of the 
fox farms in the United States are part-time enterprises. 

Feeds and Feeding Practices 

Though foxes in the wUd are largely carnivorous they do eat berries 
and other fruits, some vegetation, the contents of the digestive tracts 
of rodents, and occasionally insects. When foxes were &^t confined, 
there was considerable difficulty in feeding them properly. By per¬ 
sistent trials with various kinds of feeds and combinations of feeds a 
variety of fairly suitable rations have been developed by the fox 
farmers. Of course, continuous selective matings have developed a 
type of fox better adapted to the changed conditions. 

Meat—raw, desiccated (dried and ground), or both raw and desic¬ 
cated—constitutes 40 to 80 percent of the entire ration, depending on 
the season of the year and the method of figuring. Discarded mrm 
horses, because of relative cheapness, provide most of the raw meat. 
Usually the carcasses are boned and the meat and bones are ground 
separately to facilitate storing in frozen slabs. Grinding also effects 
thorough mixing of all ingredients, so that the fox cannot pick out 
certain choice morsels. The use of large quantities of raw meat has 
necessitated the installation of freezing equipment on many farms 
where a large number of horses are slaughtered before winter sets in. 
Some farms are close to cities where refrigeration is available at 
moderate cost. Internal organs and blood are always used. 

The cheaper cuts of beef, packing-house trimmings, internal organs, 
and parts considered unfit for human consumption, such as udders 
and lungs, are widely used. Relative cost is the primary incentive 
for choice. Large numbers of jack rabbits are used in the Middle 
West. In some sections of the country some of the meat is replaced 
with fresh fish, canned fish, or fish meal. The remainder of the 
ration is then made up of an assortment of waste products from the 
manufacture of cereals, one or more of the vegetable proteins such 
as soybean meal, milk (liquid or dried), dried fruits, green vegetables, 
groimd green bone, and certain vitamin concentrates. The kind and 
quantity of these various ingredients are largely determined by the 
results obtained by successful nearby fox farmers. Their variety 
demonstrates the adaptability of the fox to different kinds of feeds. 

Water or liquid milk usually is added to bring the feed to a “hain- 
burger” consistency, which apparently is most palatable to the foxes. 
Commercial feed companies are selling great quantities of mixed feeds 
m meal form to use in conjunction with the raw meat, or in cube form 
to be fed dry as a complete feed during the summer and fall months. 

At first the feed was simply thrown over the pen fence onto the 
CTound, but the occurrence of parasitic infestation and disease led to 
the use of feed pans that were washed and sctJded each day. At 
preset manv foxes are fed in a wooden or metal trough attached to 
the auli^rall of the fence in such a way that the fox can work the 




Figure 1. — A, Foxe^n a furring range just before feeding time. (Courtesy Fromm Bros.) B, One of the mink colony houses at the United 
States Fur Animal Experiment Station, Saratoga Springs, N. Y. Cans for supplying water in winter are outside the houses. Feed is sup¬ 
plied on the wire netting covering the nest boxes, which are inside the shed. C, Silver fox in raised wire-floored pen at the experiment station. 
Note the feeder attached to the side of the pen. The feed is placed from the outside against the large horizontal spikes across the opening. 
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feed through the wire as desired. A narrow platform or ledge of the 
trough extends inside the pen to prevent the feed from being unduly 
wasted. Vixens suckling pups are still fed in pans washed and 
scalded each day. 

Mature animals during the summer, fall, and e^ly winter are 
usually restricted to about 0.9 pound of mixed ration (hamburger 
consistency) once daily, in the evening, or an equivalent amount on 
dry basis of commercial feed in cube form. Weaned pups are fed 
similarly during the fall and summer, except that the ration is full 
fed up to IJi pounds daily. Full feeding twice daily of a richer ration 
is given after the vixen gives birth to her whelps. 

REDUCTION OF FEED COSTS NECESSARY 

The increase in the number of silver fox pelts produced in the 
United States as well as in other countries has so reduced the sale 
price of the skins and raised the cost of feeds commonly used for foxes 
that the profits are becoming continually smaller or entirely dis¬ 
appearing. Buyers are demanding better pelts for less money. The 
use of expensive feeds and extravagant methods of feeding that might 
be economically permissible when large profits are made is impossible 
on the present close margin of profit. The search is ever for cheaper 
satisfactory substitutes, such as desiccated meats and plant proteins 
for raw meat, and raw or specially processed cereals for breakfast-food 
wastes. To determine the kind and proportions of these cheaper feed 
substitutes that will still produce a silver fox skin that is large, durable,' 
clear in color, densely furred, and lustrous is one of the chief problems 
of the industry. Naturally, the effect of such cheaper feeding during 
the important pregnancy and lactation periods of the vixen and during 
growth of the young is of tremendous importance. 

Unfortunately the fox-farming industry has developed at a period 
when vitamin and mineral supplements are the vogue in both human 
and livestock nutrition, ivith the result that fox farmers have been 
flooded with propaganda urgii^ the inclusion of an overabundance of 
these expensive mgredients. The kind, the amount, and the time of 
year, if at aU, to include these special ingredients need to be deter¬ 
mined under controlled conditions of management and with equalized 
groups of animals. Too much of the feeding information available to 
fox farmers at the present time is based upon tests with too few ani¬ 
mals in unequalized groups and conducted by organizations that are 
not altogether impartial. Some feed companies, taking advantage of 
already-established good management practices and excellent breeding 
stock, have intimated that such successful results are due primarily to 
the use of their product. 

NUTRITIVE REQUIREMENTS OF SILVER FOXES 

With worm-free foxes, the total caloric maintenance requirement 
for mature animals as determined by Smith (1067) is between 95 
and 100 calories per kfiogram of live weight, based on the minimum 
summer weight, and there is little variation in that requirement during 
the entire year. He states that caloric requirements of foxes are de¬ 
pendent upon body area rather than live weight, and a daily require- 
iment of 360 to 560 calories is given for foxes ranging from 24 to 27 
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incli6s in body lenpjth. A ta.bl6 is given showing the caloric reoiiire- 
ments for suckling and weaned pups of various ages. It was round 
that a definite quantity of food produced a definite gain in the weight 
of healthy pups, the quantity bein^ calculated by its caloric value. 
After 5 months of ago the food requirements increased to 750 calories 
daily, approximately one and one-half times the quantity for the 
average large-sized fox. Slight underfeeding for 1 week did not 
materially affect the growth of the pups, but continuous excessive 
feeding led to disastrous results. 

Smith (1067, p. 7) states that the total daily protein requirement 
for a small fox should tiot exceed 0.06 pound during the summer, to 
0.085 iiound in early winter, and these quantities shovdd bo graduated 
according to size of fox up to 0.14 pound for an unusually large animal. 
He believes that excess protein tends to dev^elop a coarse, streaky, open 
underfur at the expense of the guard hair and that a smaller quantity 
will not permit proper growth either of guard hair or of underfur. 

The summer rations fed foxes at the United States Fur Animal 
Experiment Station, according to average chemical analysis of various 
ingredients show on a drj-matter basis appro.ximately 42 percent of 
protein (about two-thirds from animal and fish sources), 6.4 of fat, 
37 of nitrogen-free extract (the more soluble carbohydrates and more 
soluble parts of the celluloses and pentosans), and 9)7 percent of min¬ 
erals. On a basis of 1 pound of feed per day (including moisture and 
added water) the foxes were furnished about 0.16 pound of protein, 
0.023 of fat, 0.13 of nitrogen-free extract, and 0.034 pound of minerals 
daily. How much of these various nutrients was utilized by the fox 
is not known, since digestion trials have not been run on foxes. 

Vitamin A Studies 

The specific vitamin requirements of foxes have never been de¬ 
termined, but some basic research on the question of storage of vitamin 
A in the livers of foxes was done by Holmes and others (529) by assay¬ 
ing livers taken at pelting time ifrom 10 ranch-raised foxes. These 
foxes had been fed a ration containing 25 to 30 percent of commercial 
feed and 70 to 75 percent of horse meat. The livers constituted 3.53 
percent of the live weight of the foxes, carried an average fat content 
of 2.25 percent of their own weight, and contained an average of 2.5 
Lovibond Blue units ^ of vitamin A per gram of liver. Unfortunately, 
the quality of fur was not studied, nor was the presence or absence of 
urinary calculi (gallstones) determined. The formation of urinary 
calculi is considered by some to be caused by vitamin A deficiency. 

The storage of vitamin A in the livers of foxes was given further 
rttudy^ by the same authors (1938-39) in cooperation with the Bureau 
of Biological Survey.* The livers of 41 foxes of various ages fed on 
three different experimental rations during the summer and fall 
were assayed for vitamin A by the above-mentioned method. A 
careful post mortem revealed no calculi, and internal parasites were 
present m only a few individuals. The internal organs generally were 
m normal condition and there were no indications of definite vitamin 


»The Lovibond Blue unit is a measure of the vitamin A content by tb'' antimony trichloride colorimetric 
lethod. 

* Manuscript in preparation for publication. 
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A deficiency, but some of them may have been on the border line. 
All animals were fed rations similar except for the test ingredients as 
listed in table 1. Dry mixture No. 7 (p. 880) constituted 25 percent of 
each ration; equal parts of tomatoes and carrots, 5 percent; and ground 
green horse bone, 5 percent. Added water comprised 24 percent of 
the ration containing the raw meat, and 53 percent of those having the 
dessicated (dried) products. No vitamin A supplements were sup¬ 
plied in any of the rations. 

Table 1 .—Comparative data on vitamin A content of livers of f-l experimental silver 
foxes^ 15 wild red foxes^ and 4 wild gray foxes 


Number, age, and source 
of animals 


Test ingredients in ration 


Material 


Quan¬ 

tity 


Liver 
weight 
in pro¬ 
portion 
to body 
weight 


Liver 

fat 


15 mature silver foxes L.. . 

8 silver fox pups .. 

10 silver fox pups >. 


8 silver fox pups >. 

15 wild red foxes from Con¬ 
necticut, Maryland, 
New York, and Mas¬ 
sachusetts. 

4 wild gray foxes from 
Connecticut. 


(Beef meal. 

[Liver meal_ 

(Raw meat_ 

[Bonemeal- 

(Beef meal.. 

I Liver meal. 

Beef meal. 

Soybean meal... 

[Liver meal. 

Unknown. 


Percent 
9.6 
2.4 
3 40.0 
1.0 
9.6 
2.4 
4.8 
4.8 


Percent 
[ 2.7 


2.8 


3.1 

3.0 


2.4 


do. 


Percent 

2.90 

2.60 

2.69 

2.74 
5.43 

5.29 


Lovibond Blue units of 
vitamin A per gram of 
liver 

Weight 
of green 
pelt in 
propor¬ 
tion to 
body 
weight 

Range 

Aver- 
; age 

1 

Unite 

Units 

Percent 

1.3 to 4.7. 

3.2 

17.8 

7.1 to 10.9. 

8.8 

17.8 

1.8 to 4.0. 

3.2 

18.3 

1.3 to 8.8. 

2.3 to 2,040.1. 

3.7 

613.8 

18.2 

180.1 to 1,267.0... 

348.2 



» From the U. S. Fur Animal Experiment Station. Saratoga Springs, N. Y. 

^ 25 percent of red muscle meat and 75 percent of viscera (50 percent of tripe, 25 percent of udders, ami 25 
percent of lungs). 

The groups of animals receiving the rations containing the desic¬ 
cated products showed an average of 3.2 to 3.7 Lovibond Blue units 
of vitamin A per gram of liver. The |)ups receiving the raw-meat 
ration showed on an average 8.8 such units, or over twice as much as 
that in the livers of the other groups. In contrast to this relatively 
small amount of vitamin A reserve in the livers of the ranch silver 
foxes it WM found that wild red foxes from four States averaged 613.8 
units of vitamin A and four ^ray foxes, 348.2 units. Because such a 
relatively large amount of vitamin A is found in the livers of wild 
foxes no inference should be drawn that this amount is necessary for 
their well-being or for that of the silver fox in captivity. 

Apparently there is no correlation between the larger vitamin A 
content of the livers at these levels and the quaUty of silver fox pelts 
as determined by critical examination by experts in the fur trade. 
S^s grouped together for the general criticism were from animals 
with both the lower and h^her vitamin A content in their liVers. The 
skin from an animal the liver of which contained 10.9 Lovibond Blue 
units per gram, was given this general description—“very short in 
undinur and very short in guard hair, poor coverage, poor pelt.” 
!Dli#fielts from other animals having 2.4 and 2.7 Tjovibond Blue units 
pCKglpn of liver were described as ‘Tull ^wth of fur, well covered, 
under fur and guard hair, quality is there.” 
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It should be kept in mind that the above information concerns only 
animals to be pelted. The vitamin A requirements during pregnancy 
and lactation and during the growth of the pups should be much higher 
than that needed for proper developing of the pelt. 

Vitamin B Deficiency Reported 

In the search for cheaper feed, fresh fish in various proportions has 
been used to replace the raw-meat part of the ration. The results 
obtained have not been consistent. 

R. G. Green of the University of Minnesota attributes the disease 
known as Chastek paralysis to vitamin B deficiency. He reported in 
July 1938 (^8) on nine major outbreaks of this disease in foxes in 
various sections of the country over a period of years. These began, 
he states, shortly after tiie addition of fresh raw fish to the diet! 
“Lesions identical with those found in ttie brains of foxes with Chastek 
paralysis have been described in the brains of dogs with vitamin B-1 
deficiency.” Though this disease occurred most freciuently during the 
first 3 months of the year it has been produced experimentally by Dr. 
Green in summer. Production of Chastek paralysis by the use of fish 
as feed, he says, is in no way related to fish spoilage, and any kind of 
fish may cause it. The feeding of fresh fish, which lack this vitamin, 
produces the disease by cutting “down the amount of vitamin B 
in the diet simply by replacement of other foods which contain it” and 
by raising “the requirement of the fox for this vitamin” because of the 
oil contained in the fish. He further states that some fox rations are 
so near the minimum border line of vitamin B requirements that a 
small quantity of fresh fish will cause trouble. 

The fox farmers of easteni Canada, on the other hand, are feeding 
fish as one-third to one-half of the meat part of the ration with 
satisfactory results. In that region, however, fish feeding is largely 
discontinued after September 1 because it is believed to have a detri¬ 
mental effect on the quality of the pelt. Research work on the kind 
of fish to use and amount to feed without harmful results to the health 
of the animal and the quality of the fur is urgently needed. Fish is a 
fairly cheap food for fur-animal feeding. 

STUDIES AT THE UNITED STATES FUR ANIMAL EXPERIMENT STATION 

Research Procedure 

At the fur animal experiment station animals are equalized into 
groups according to such standards as age, sex, ancestry, and previous 
feeding and breeding records. Even though the returns come from 
the pelts, live weights are taken to ascertain responses to various 
rations. The resulting information is supplemented with observa¬ 
tions and tests on fur growth, quality, and other factors. 

Sufficient water is added to all rations to make their total water 
content similar, which is an indirect way of bringing the rations to 
the same dry-matter basis. The addition of water is necessary to give 
the feed hamburger consistency. Even when a ration contains 40 
percent of raw meat, approximately 22 percent of water must be 
added because of the inclusion of dry cereals and other desiccated 
products. Bringing all rations to the same water content makes 
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possible a direct comparison of the quantity of desiccated products in 
test rations that have replaced the raw meat and facilitates feeding 
operations and the recording of data. 

Horses butchered on the premis^ provide most of the raw muscle 
meat, green bone, and viscera, which are ground and kept frozen in 
slabs until used. The rations are identical in composition except for 
ingredients under experimentation. I*roprietary feeds are not used 
because of the Government policy. 

Summer and Fall Maintenance of Mature Foxes 

Repeated tests at the experiment station with equalized groups of 
mature foxes, both male and female, have shown that 12 pounds of 
beef meal and liver meal, in a ratio of 4 to 1, are as satisfactory as 40 
pounds of raw frozen horse meat and various kinds of viscera (3 to 1) 
for summer and fall feeding. The results were analyzed on thp basis of 
relative live weight, rate of shedding of old fur, growth of new fur, and 
general health. The total protein in desiccated meats usually costs 
about one-fourth as much as that in raw meat. 

The following ingredients were common to both rations: Dry 
mixture, 25 pounds; vegetables, 5 pounds; and ground ^een bonoj 5 
pounds. Water constituted about 23 pounds in the rations contain¬ 
ing raw meat and 52 pounds in those with the desiccated meats. The 
composition of the dry mixture used in the earlier experiment was: 

Dry mixture .Vo. 6 



Pounds 


Pounds 

Bread meal.. 

. 100 

Fish meal (vacuum-dried)_ 

- - . 50 

Corn-flake waste- 

_ 100 

Kelp meal_ _ 

- 75 

Com-germ meal_ 

_ 100 

Skim-milk powder. .. 

_ 50 

Wheat-germ meal... 

. 50 



Alfalfa-leaf meal_ 

.. 50 

Total.... 

575 


In the later experiments mixture No. 7 was substituted for No. 6: 


Dry mixture No. 7 


Bread meal_ 

Pounds 

_ 150 

Fish meal (vacuum-dried, 

Pounds 

Oatmeal-.. 

_ 150 

vitamin D)___ 

.... 100 

Alfalfa-leaf meal_ 

- _ 50 


Wheat-germ meal.. 

_ 50 

Total __ 

... 500 


Each animal was at first restricted to 0.8 pound of feed per day, 
with a gradual increase to 0.9 pound as cooler weather ajmroacheii. 
The latter level was maintained until about January 1. On a dry- 
matter basis this makes approximately ounces of feed per fox per 
day. 

Two years’ work indicates that the liver meal is not essential in 
the summer and fall ration of mature male foxes. The substitution of 
hydraulic-pressure soybean meal for half the beef meal in the beef 
meal-liver meal ration proved entirely satisfactory during a 2-year 
test on the summer and fall feeding of mature vixens. Digester tankage 
and liver meal in proportions and quantities similar to the beef-meal 
rftfijiiis did not prove adequate, but when one-fourth of this combina- 
^Ifas replac^ by 10 pounds of raw meat, satisfactory results were 
obtained. 
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Rations devoid of raw meat apparently produced a good quality of 
fur, as revealed bv careful general examination. No measurements for 
relative length of guard hair and underfur were taken, nor were anv 
cross sections or tests for tensile strength made. Further study is 
needed to detemiine whether these summer and fall rations can be 
adjusted through addition of proteins, fats, or vitamins to produce 
u finer quality of fur. 

The effect of such summer and fall feeding on reproduction the 
following spring cannot be definitely stated, but some vixens did 
jiroduce lar^e litters of strong pups, which suggests that such variabil- 
itv as was noted may have been due to mixed inheritance. Of the 
nine mature male foxes kept over for breeding, all but one sired living 
litters. One male that received the summer and full ration containing 
beef meal and liver meal sired seven living litters. 

Summer and Fall Feeding of Weaned Fox Pups 

At the fur animal experiment station two equalized groups of 30 
fox pups averaging 84 days old were fed rations during the summer and 
fiill as shown in table 2. There was no appreciable difference in regard 
to general health, average live weight, and quantity of food con¬ 
sumed, but the animals in the raw-meat group showed slightly less 
tinge (reddish-brown color of the fur) than those in the group getting 
the beef meal. 

r\HLK 2,— (Millposition of rations fed two ftroiips of fox pups in United States Fur 

Animal Experiment Station test 





1 Comiio^nion 

InpriHlients 

1 Hroup 

Group 

2 

1 Ingredients 

j — 

Group Group 

1 2 

Kaw liursr iiicai (niU'iele :i parti!, 

\ isccni 1 part)- . 

M bonPiiioal.. 

Bfi'f meal -. - . .- 

Ijjv»*r in»*al 

Percent 

1 

1 40.0 

Ptreent i 

M Vegetable.'! (carrots and toma- 
_' i toes) _ - _ 

Pirant Ptrant 

' 5.0 1 5.0 

1 5,0 i 5.0 

j 23. 1 .52.0 

1.7 

■ 

10. 0 1 
2.0 1 

! Ground cn*en bone. 

Water...... 

Lard.-. . . .. 

Dry mixture No. »L _ _ . 

‘^5. 0 

1.0 1 
25. 0 ' 

Total. 

I 100.0 j 100.0 

1 


The substitution of beef meal and liver meal for the raw-meat 
portion of the ration of weaned fox pups was studied a second year 
with equalized groups of a similar number of animals. The average 
age at the beginning of this experiment was 56 days, and dry mixture 
No. 7 was used. The beef meal-liver meal group did not make as 
rapid gains through October as did the raw-meat group, yet they were 
only a third of a pound lighter in average weight at pelting time, in 
the middle of December. There was no significant difference be¬ 
tween the groups as to feed consumption, health, or general growth 
of fur. The desirable animals from each group were retained as 
breeders and the rest were pelted. An expert in the fur trade thought 
the skins from the raw-meat group appeared to be brighter and more 
lifelike than those from the beef-meal group. Another expert thought 
the skins from the beef-meal group to be slightly superior; some of 
these skins were definitely superior to those of their litter mates fed 
the raw meat. 

:i!)- 
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The substitution of beef meal and liver meal for the raw-meat ' op¬ 
tion of the fox-pup ration was given a third year s study witu 20 
animals in each equalized group and with a third similar group given 
a ration in which half the beef meal was replaced by an equal quantity 
of soybean-oU meal prepared under hydraulic pressure. Drv mixture 
No 7 was used, and the pups averaged 56 days old when the experi¬ 
ment began. The pelts taken from animals in e^h group were 
critically studied bv an expert in the fur trade. The skins from 
animals getting the'beef meal and liver meal were judged to be the 
best in aU respects, with the beef meal-soybean meal-hver meal grouj) 
second, and the raw-meat group definitely third. ... 

The average weight and length of body of the 9 male pup skins ui 
each group are given in table 3. From a sample tuft of fur from the loin 
region of each fox 20 guard hairs and 20 underfur fibers were measured 
by a special instrument, and the results are also shown in the table. 


Table 3 .—Average leeights, measurements, and length of hairs of skins from male fox 

pups receiving different rations 


Test ingredients of ration 

i Weight of 
i raw skin 

1 

Length of 
i body 

: Length of 
guard hair 

Length of 
iinderfur 
(not 

stretched) 

Raw meat..... 

Beef meal and liver meal. 

Beef meal, soybean meal, and liver meal. 

1 Ounctif 
. 15.5 

. U.4 

. ' U 2 

Inchrs 

2H .'8 • 
27,21 ] 
27 67 ' 

Inchts 

2. 4(1 1 
2 47 

2 56 ! 

Inchc* 

1.48 

1 60 

1 64 


From these data it can be seen that though the skins from animals 
fed the raw meat were slightly heavier and longer, the average length 
of guard hair and underfur was greater in those foxes getting no raw 
meat in their ration. 

Feeding From Breeding Time Through Lactation 

The proper proportion of raw meat to include in the ration of vixens 
during the reproductive period was also studied at the fur animal 
experiment station. Two groups of vixens were fed similar rations 
except that one group received 60 percent of raw meat and the other 
group 40 percent of raw meat and an additional 6 percent of dry mix¬ 
ture No. 7. Vegetables and ground green bone were included in each 
ration. Two years’ experimentation showed that the ration contain¬ 
ing the greater amount of the more expensive raw meat gave no better 
results in percentage of vixens producing young or in growth of young 
during the lactation period.^ In 1 year’s experimentation with equal¬ 
ized groups of vixens substitution of beef meal and liver meal (in a 
5 to 1) fojr all the raw meat proved quite unsaoisfactory during 
the lactation period. The vixens fed onlv the dessicated meats with 
diy mixture No. 6 were practically dry by the end of the fifth week of 
lactation. Their pups averaged nearly I pound less in weight at 
weaning th^ pups raised on rations containing raw meat. 'There 
was difier6iice in the whelping records of the two groups. 

An a^eriment was conducted tor 1 year (1938), during which a 
coinpdjtison was made of the three rations shown in table 4. Both 
only 20 percent of raw meat were satisfactory 
enou|||ph9 arrant a more thorough investigation. 







NUTRITION OF FUR ANIMALS 


883 


Table 4.- ''imposition of three rations Jed breeding vixens in tests at the United States 
Fur An'imal Experiment Station, 1938 


Ingrod louts 


Ingredients 

CoiniKisition 

i Hat ion 

1 1 

Hat inn 

2 

Ration | 
3 1 

Ration 

1 

Ration 

2 

Ration 

3 

Krtw hursf luortf tiiiusolf 

, I^trct lit 

J^nct /I I 

Pira nt 

(carrots anti 

Perctnt 

Pt ret lit 

Percent 

7 jnirts, vismn iijiart*!) 

40.0 

20. 0 

2f). 0 

j tomatfK's). 

10. 0 

10.0 

10.0 

Hfi*f nu*}»l. 



2 4 

1 Luiuid vkim milk (‘tour). 


25.0 

26.0 

fu'au inral . . 



J. 1 

_ 

22.0 

n 0 

14.0 

Livnr luoal. 


1.2 

1 2 


j 

_ 

-- 

t inmnd eroon bono_ 

TO 




i in'). 0 

UN) II 

100 0 

I)r\ ]ni\f iiri‘ N'f». 7 

* 2.*). 0 

1 

2.'),0 

26.0 


1 




RECOMMENDATIONS FOR FEEDING FOXES 

Until more definite information is available the fox farmer should 
not include any great quantity <»f uncooked ceieal in the fox ration. 
What is used should be finely ground. Cereals partly cooked in 
processing, of which oatmeal is an example, malted or dextrinized 
grains, or byproducts from preparation of human foods, such as dried 
bread crumbs and breakfast-food byjirmlucts, are available, though 
higher priced than the raw cereals. 'Fhese cereals provide carbohy¬ 
drates and some vegetable proteins and fats. .Vdditional protein 
ami fat can be obtameil from soybean, peanut, and linseeil meals, 
all of which are partly cooked. It should not be forgotten, however, 
that foxes are carnivores and that the bulk of their ration should come 
from animal sources. Beef meal appears to be the most satisfactory 
desiccated product. Fish meal can he inclmled. Fresh vegetables 
provide bulk and vitamins, as does also a small quantity of a good 
gratle of alfalfa-leaf meal. Grouml green bone gives a supply of 
rich animal fat, but its minerals are not needed when desiccated meats 
are fed. All feeds should be wholesome and sweet—that is, not 
ranchl. Putrid meats should never be used. Flesh of livestock dying 
from disease may prove harmful, ami dea*l animals should never he 
])urchased or even accepted as a gift. Cheap meat from such animals 
may be fed without harmful results for a long periotl, but one disas¬ 
trous feeding caji eliminate all savings eflfected. 

Summer and Fall Maintenance of Mature Animals 

It is not necessary to feed any raw meat to mature male foxes from 
the eml of the breeding season until January 1, or to the vixens from 
tlie time it is definitely known that they will not produce young or 
after they have finisheil their lactation periml until January 1. 

The following ration should give satisfactory results for mainte¬ 
nance of breeders during this period and for the older animals to be 


pelted during the fall: perctnt 

Beef meal--- "t-S 

Soybean meal (Iiydraalic pressure)--- 4. 8 

Liver meal_ — . — -- 2. 4 

Dry mixture No. 7 (p. 880) - —. —--- 25. 0 

Fresh vegetables (finely ground carrots and tomatoes). 5. 0 

Ground green bone__■ — 5-9 

Water.....-.—- - ._53^ 


Total. - - -- 100.0 
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Further experimental work mav show that other vegetable proteins 
may be substituted for part of tlie soybean meal and that the vege¬ 
table proteins may constitute a greater proportion of the total ration. 

The vitamins necessary at this time of year apparently are found 
naturally in sufficient quantities in the above feeds. The total 
amount fed should be somewhat restricted (about 0.8 pound daily 
per fox) for economy’s sake as well as for best results until cooler 
weather, when the animals to be kept as breeders should receive 
about 0.9 pound and those to be pelted should be given a full feed. 
Of course, the observant fox farmer will adjust the quantity according 
to weight, appetite, and individual requirements of the foxes. 

Vixens that have been good producers will naturally be at a mini¬ 
mum weight at the end of lactation and throughout the summer 
while the fur is shedding. The hot days are not conducive to a heavy 
consumption of food. During the fall under heavier feeding in addi¬ 
tion to the slight increase in weight due to the new growth of fur, the 
producing animal tends to regain her body weight by putting on fat 
and repairing tissue. Reduced weight during summer is not in itself 
an indication of a good producer. Merely reducing the weight, which 
may be done by restricted feeding, cannot turn an inherently poor 
producer into a good one. 

Feeding During Reproductive Period 

The reserve materials essential for maximum reproduction should be 
built up in the bodies of the foxes (both mature animals and pups) 
sometime previous to mating, which occurs on the average about the 
first part of February. Most breeders begin richer and somewhat 
heavier feeding early in January, though some have reporteil satis¬ 
factory breeding results when they ilelayed it until Februarj’ 1. The 
quality of the ration is raised by feeiling a higher percentage of raw 
meat containing a greater proportion of high-quality glandidar tissues, 
such as liver, hearts, brains, and spleens, in place of lungs, uddens, 
and tripe of low biological food value. Vitamin supplements ami 
feeds rich in the various vitamins should be incorporated in the ration. 

In the light of the experimental fox feeding that has been done, and 
estimating from general livestock needs the requirements necessary 
for the fox during the period Januarj' 1 to May 30, tlie ration suggested 
in table 5 would seem to be satisfactorv". 


Table 5.— In^redientx of stunted production ration for silver foxes, 
and of ary mixture included 


Ingre<iients of production ration j 


Raw meat (muscle 7 parts, glan¬ 
dular 3 parts).-.. . 

Dry mixture... 

Vegetables, finely ground (carrots, 

tomatoes, lettuce leaves). 

Green bone, ground.... 

Water... 

Cod-liver oil (fortified). 


Total 


Ingredients of dry mixture 


Bread meal (whole wheal preferreti) 

Oatmeal. 

Wheat-germ meal_ . . ..] 

Fish meal, vitamin b... *! 

Alfalfa-leaf meal . 

Dried skim milk. 

Hoybean meal (hydraulic prosseti) 
Linseed meal (old process) 

Wheat bran.. .. 

Brewers' yeast (inactive). 


Amount 


Percent 

40.0 

25.0 

10.0 
.5.0 
19 . 7 ; 
.3 ! 

100.0 ! 


.\ mount 


Potinds 

Percent 

100 

lA 

100 

16 

100 

16 

100 

16 

.50 

8 

50 

8 

60 

8 

25 

4 

25 

! 4 

25 ; 

4 

«25 

100 


Total 
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Canned fish may replace not to exceed 25 iiercent of the raw meat 
and raw fish not to exceed 15 i>ercent, provide<l the vitamin B factor is 
properly taken care of. 

The rations fed to vixens during the breeding season are entirely 
adequate for the males (luring this period. At the end of their season 
the males can be put on the summer and fall rations. Giving the males 
this maintenance ration when the vixens require a fuller and richer 
feed, because of lactation, means considerable saving in feed cost, 
with no harmful results during the ensuing breeding season. When 
it is definitely known that vixens will not produce young, they may 
be given the same ration as males. 

Tlie practice at the fur animal experiment station has been to feed 
once daily during the breeding and gestation periods a quantity that 
will keep the foxes in good thrifty condition, that is, as much as will 
be readily cleaned up within a short period. Of course, the quantity 
fed to individuals will vary: some foxes need more than others, and 
the discriminating fox man will so regulate (piantities as to get the 
results desired and avoid waste. Ai)petites fall off during mating 
time. During pregnancy vixens shoidd be liberally b\it not full fed. 
as full feeding tends to cause them to become fat and sluggish. The 
major growth of the embryos is during the extreme latter part of the 
gestation period. Exercise during the wlnde ])eriod is conducive to 
a more healthy condition of the aininal, and this can be assured by a 
somewhat restricted ration. The <|uantity fed a few days previous 
to aiul just after whelping should likewise be restricted. Beginning 
about file fourth day after whelping, the vixen shoidd be fed twice 
daily, the quantity being increased as the appetite improves. Full 
feeding shmdd be followed as the lactation period progresses, the 
quantity depending on size of litter and age of pups. Stale food should 
not be allowed to accumulate. .\ graduated dial with adjustable 
l)ointer for indicating the amounts the vixens are to receive facilitates 
feeding ojjerations. 

Summer and Fall Feeding of Pups 

During the suckling period the pups are fed with the mother, re¬ 
ceiving the same ration. If they are weaned when they are 7 to S 
weeks old it is advisable to continue feeding them this ration until they 
are about 2/2 to 3 months old, at which time all the raw meat can be 
leplaoed with 12 percent of beef meal and liver meal in a ratio of 
4 to 1. Water should, of co\irse, be ailded to make the feed of ham¬ 
burger consistency. Because the pups will grow for another 3 or 4 
months, the dry mixture used in the ration during the suckling period 
should be contmued until abotit September 1, when the pups may be 
fed the same ratioji as that being fed the mature animals (p. 883). Late- 
whelped pups should receive special consideration as to quality of 
ration. All pups after weaning should be fed once daily, in the even¬ 
ing, all they will consume readily. 

MINKS 

CHARACTERISTICS 

Mink ranching on a large scale for pelts has developed only within 
the last 5 years, though some pelts have been produced for more than 
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half a century. Original stock was live-trapped from the wild. 
Wild mink are expert swimmers and are usually found around streams 
and ponds. Through selective breeding on the farms the desirable 
dark sepia color with a darker stripe down the middle of the back has 
become prevalent in the better herds. Pelts from ranch minks are 
now considered to be of superior quality and color to those taken in 
the wild. 

Mature male minks weigh about 2K pounds and the females about 
half a pound less. The mating season begins about the fir^t week in 
March. The males are polygamous. The length of the gestation 

{ >eriod is not definitely known, but it is believed to be about 42 days, 
jitters as large as 10 are frequent, but a ranch average of 4 weaned 
young (kits) per female kept for breeding is considered to be satis¬ 
factory. The young minks when weaned at 8 weeks old w'eigh an aver¬ 
age of three-fourths of a pound, and when they are months old they 
W'eigh as much as the mature animals. The pelts are taken in the 
early winter of the same year. Minks breed in early spring wiien 
about 10 months old. 

Minks must be kept in separate pens becasuse of their tendency to 
fight. Pens are of various sizes, but satisfactor}' ones are about 6 feet 
long, 2 feet wide, and 2 feet high (fig. 1, li). Raised wire floors are 
preferable (fig. 2, B). 

Minks are not as timid as fo.xes nor are they as particular about their 
food. Apparently, they require a higher percentage of raw meat or 
fish in their ration than foxes. From 4 to 5 ounces of feed per day are 
required by mature mink not suckling young. This is placed on top 
of the wire over the pen or nest box or on a feeding platform. 

Because mink raising is a newer enterprise than fox farming, less 
experimental work has been done with minks. 


VITAMIN A RESERVE 

The formation of urinary calculi in minks has caused considerable 
losses in some herds. Nothing definite is known as to the direct cause, 
but a vitamin A deficiency and an unbalanced mineral relationsliip 
have both been suggested as possible causes. A study of the vitamin 
A reserve of ranch mink and wild mink was made ‘by Holmes and 
associates {629), but unfortunately observations were not made on the 
presence or absence of urinary calculi. The livers of 27 ranch-raised 
minks and 2 wild minks were assayed for vitamin A reserve at pelting 
time by the antimony trichloride colorimetric method The wild 
itunks av^ed 975 Lovibond Blue units of vitamin A in the livers 
o / ju minks averaged only (>2 such units. In only 

2 of the ranch imnks was the average of those caught in the wild 
approached. The ranch minks had been fed a ration composed of 
horse meat and fish scrap (80 percent), a commercial mink ration (20 
percent), and some fresh vegetables. A more thorougli study of pos- 
k causes of unna^ calculi formation in mink is being made 

by the Bureau of Biological Survey in cooperation with other agencies. 

RESULTS OF DIGESTION TRIALS AT CORNELL UNIVERSITY 

metabolism in fur animals 
conchicted with minks at Cornell University in 1936 {524) (hg- 2, 
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Fifluro 2. — A, Rabbits in two-i’oiin)artiiient all-metal hulcii \\itli built-in bay iiiaiij^er 
with removable trough below for grain. Fresh water is available in the crock at all 
limes. The young rabbits are [Hit into the basket during hot days. R, Mink in wire* 
floored [leii. (Courtesy The Aiiieriran Fur Breeder.) C, Marten in j>en. (Courtesy 
The American Fur Breeder.) D, A four-compartment mink metabolism unit. Each 
pen has a false bottom of inch-niesli wire on which the animal stands, beces are 
collected on a movable line-mesh screen below this floor, while the urine is directed 
by a funnel-shaped tray to the flask under each pen. The inverted bottle on the 
side of each cage serves as an automatic drinking fountain. Designeil and constructed 
at Cornell Lniversity, Ithaca, N. \. 
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D). The diets used in this metabolism study are listed in table (>. 
It was necessary to mix some water with all except diet 5. Dry mix¬ 
tures A and B are given in table 7; a chemical analysis and the digesti¬ 
bility coefficients of the six diets are given in tables 8 and 9. 

Table 6. —Diets used in metalHilism studies on minks 


Portion of injfredient in diet No. — 


Ingredients 


Fresh lean beef.. 

Canned fish... 

Fresh lamb liver.. 

Fresh lettuce.-.. 

Dry mixture A (cereal cooked)... 

Dry mixture A (cereal uncooked)... . . . 

Commercial dry mixture No. 1_ 

Commercial dry mixture No. 2 . 

Dry mixture B (cereal cooked) . 


' ; 

2 

3 ! 

4 

Pounds 

Pounds 

, Pou nds 1 

Pounds 

10 

10 

10 ! 

10 

2 

2 

2 1 

2 

3 ! 

3 

3 1 

3 

1 1 

1 

1 ! 

1 

A * 




- j 

5 1 

. 


1 1 


5 



.. . - 



Pounds 

10 

2 

3 

1 


f) 


Pounds 

1 

3 


Table 7. — Dry‘ mixtures A and H hy Height 


' Ingredients 

A 

B 

Ingredients 

i A 

B 


Lb. 

Lb, 


Lb. 

Lb. 

Oatmeal. 

30.0 

10.8 

Calcium carbonati*. 

1.5 

\.r 

Yellow cornmeal. 

22.0 

8.0 

loilired salt .. 

. 5 


Wheat middlings... 

25.0 

9.2 

Fortified cod-liver oil. . . 

3 

3 

Dry skim milk. 

10.0 

10.0 

Dried meat •scraps . ... 


40 (1 

Yeast.-. 

5.0 

5.0 


_ - 

- 

Dried blood. 

5.0 

! 5.0 

Total. 


91 3 

Bonemoal... 

1.0 

1.0 

1 




Table 8. —Analysis of diets I to 6 on a dry-matter Intsis 


Diet No. 

Ash 

Crinie 

f>rotein 

Kther 
ext met 

N iirogen- 
free 
extract 

(Tilde 

fiber 


Pfrcenl 

4 ft 

Percent 

40 9 

37 9 

44 7 

37 2 
54.3 

55 0 

Percent 

15. 2 
19. H 

17 T 

l*ercent 

Tfi 11 

Percent 


... . 5. 3 

1/ 

1 


11 0 

•>0. U 

1 



i 1« <> 

29. 5 

U 

24. 0 

3 


4 7 


- -. 121 

•>i 1 

11 0 

2. 8 

19. 2 

2 


Table 9. —Digestibility ntefficients of diets IS'os. I to 6 


Diet No. 


1 . 

2 . 

3.... 

4 .. 

5 ... 

. 

—.. 

‘ Analysis for l trial only 


Trials 

Dry 

Matter , 

Crude 

Ether 

! Nitrogen- 

(^nide 


matter 

not ash 

protein 

extract 

free 

extract 

fiber 

' Number 

Percent ' 

Percent 

Percent , 

Percent 

. Percent 

i Percent 

i 1 • 

81 1 

83 

80 ! 

93 

1 73 

j 37 

1 4 , 

71 j 

73 i 

85 1 

04 

52 i 

2 

4 i 

70 

76 1 

84 1 

06 

51 

31 

\ 1 

77 1 

80 f 

81 ' 

97 

62 

24 

2 1 

89 i 

01 j 

01 

: 96 



4 1 

68 

72 1 

82 

91 

‘ '36* 

40 
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The digestion trials on each diet were run by confining the animals 
ill a special cage so designed bv the investigators that complete and 
separate samples of urine and feces could be obtained over a 24-hour 
period. The most digestible diet was that containing no dry mixture 
(No. 5). The diet containing the diy mixture formulated by the 
C^oinell Animal Nutrition Laboratoiw, in which the cereal was cooked 
(No. 1) proved secoml most digestible. The least digestible of all tlie 
rations and the one showing the lowest <ligestibility of crude protein 
was that containing desiccated meat products (No. 6). The average 
digestibility of the protein was 85 percent, with significant differences 
between a few of the values. The digestibility of the fat (ether 
extract) was also unifonn and high for all the diets. The investigators 
report as follows (524): 

The digestibility of the carbohydrate fraction, representefl by the nitrogen-free 
♦extract, is highly variable for the different diets. This variability is th(' most 
important factor affecting the digestibility of the dry matter as a whole. Since 
tlie digestibility of the nitrogen-free extract is also nmeh lower than that of the 
protein <ir the fat, it appears that mink are not able to ^ligest carbohydrates as 
well as these other nutrients. By comparison of the data for diets 1 and 2 . . . 
it is indicated that the starch in the grains is made more available to the mink by 
ctmking. 

No special significance can be placed on the data for fligestibility of the crude 
fiber, since it is such a small part of each diet. The data iiidicate, however, that 
the mink is able to digest only a small fraction of the Iiigher carbohydrates. This 
eatJ be explained l)y the fact that the food remains in the body for such a short 
time that the bacterial action necessary to digest cellulose takes place to only a 
very liniit(‘d (*xtent. 

STUDIES AT THE UNITED STATES FUR ANIMAL EXPERIMENT STATION 

The small number of minks thus far available at the United States 
Kur Animal Experiment Station has permitted only preliminary feed- 
in<>: experiments. W. P. A. eonstrnetion in 1938 provided equipment 
and pens for more than 450 animals. 

In the feeding trials that have been run at the station an effort has 
been made to determine what can be substituted for the more expen¬ 
sive raw meat of the minks’ ration. The stibstitution of ground fresh 
eodlish for half the raw frozen horse meat in the summer and fall ration 
of mature minks resulted in as good fieueral health, food consumption, 
aiul fur growth as the ration containing the hill portion of raw meat, 
though the animals getting the codfish weighed less at the end of the 
test. A similar ration fed to weaned kits gave a slight indication of 
unpalatability. A third group of mink kits getting all codfish in 
place of meat were unthrifty and oidy 50 percent of them finished the 
experiment. Many mink breeders have fed a much higher propor¬ 
tion of other kinds of fish in the total diet with satisfactory results. 
One year’s experiment in replacing one-third of the raw-meat jjortion 
of the mature minks’ summer and fall ration with an equal weight of 
calmed ocean fish in one ration and an equivalent weight of fish meal 
(on basis of dry matter) in another gave results of no significant 
difference. 

Results of feeding of similar rations to kits suggest that either 
canned fish or fisli meal in the pi-oportions used is adequate as meas¬ 
ured by general health, food consumption, average live weight, anti 
fur groAvtn. 



890 


YEARBOOK OF AGRICULTURE, 1939 


Desiccat'ed meats are apparently not so satisfactory as a partial 
substitute for the raw-meat part of the ration for minks as for foxes. 
The substitution of tankage and liver meal (ratio 4 to 1), on a dry- 
matter basis, for half of the 40 percent of raw meat in one ration, and 
a like substitution of beef meal in another ration, were less satisfac¬ 
tory for the growing out of weaned kits to pelting time than the ration 
containing 40 percent of raw meat. Likewise a ration in which tank¬ 
age and hver meal (ratio 4 to 1) were substituted for one-half of the 
40 percent of raw meat proved less satisfactorj’' than the ration con¬ 
taining a full portion of raw meat for the summer and fall feetling of 
mature minks, as evidenced by late shedding of the old fur and poor 
growth and quality of the new, as well as by poor gains in live weight. 

A mixture of equal parts of bread meal, oatmeal, and raw corn meal 
constituting 25 percent of the ration gave better weights and growth 
with a small number of weaned kits than an equal quantity by weight 
of a dry mixture composed of eight ingredients (mixture No. 6, p. 880) 
in another ration. 

RECOMMENDATIONS FOR FEEDING MINKS 

The experience of successful mink raisers and the few e.xperimental 
results available indicate that minks should be fed a ration containing 
more raw meat than is necessary for foxes. The amount of raw meat 
should be about 50 percent of the ration during the summer and fall 
and as much as 70 percent during the brccdiiig season and lactation 
periods. This raw meat can be mu.scle meat (2 parts) and viscera 
(1 part) of either horse, cow, or sheep. The viscera may be heart, 
liver, kidneys, spleen, or brains in varying proportions. A variety is 
desirable. Some tripe, udders, and lungs can replace the other organs 
during the summer and fall. Whole fresh-ground fish or canned fish 
may be substituted for as much as 33 percent of the raw meat. Con¬ 
taminated fish or meat should never be used. C’hicken or rabbit 
heads or rabbit carcasses can be used if fresh. The dry mixture sug¬ 
gested for foxes during the breeding season should prove satisfactory 
when constituting 10 to 15 percent of the mink ration during the 
breeding season. Dry mixture No. 7 (p. 880) can be used during sum¬ 
mer to the extent of 25 percent of the ration. The ground green bone 
should be 5 percent; and tomatoes, carrots, turnips, green lettuce, and 
other ground vegetables, 5 percent. Salt should be added to the 
extent of about 0.5 percent of the ration as fed. The remainder 
should be water or clean, fresh milk, sufficient to make the entire 
ration of hamburger consistency. As a precautionary measure 0.3 
percent of fortified cod-liver oil should be added to the ration. 

Minks should be full fed twice daily while suckling their litters. At 
other times one feeding in the evening is all that is necessary for 
adults, and this should be so restricted in quantity that the animals 
will not get too fat. 

MARTENS AND FISHERS 

Martens (fig, 2, O) and fishers are fur animals of the forest. They 
are rejated to the highly prized Russian sable. The raising of these 
anioRliiyn captivity has never been profitable because they do not 
reproduce satisfactorily under such conditions, ^me of the early 
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difficulty was due to the fact that it was not known that martens breed 
in Jidy and August and have a gestation period of 9M months (5.9) and 
that fishers have a gestation period of over 11 months and breed 
witliin a few days after giving birth to the young in the spring. The 
young are large enough to be pelted the fall of the same year in which 
they are whelped. 

At the United States Fur Animal Experiment Station only 10 to 
15 percent of the female martens produce young. Evidently the 
methods of management or the ingredients of the ration are not 
atlequate for efficient reproduction. Yet both martens and fishers 
can be maintained ami satisfactorily birred out on the rations con¬ 
taining raw meat that have been fed to foxes. Rations containing as 
much as 75 percent of raw meat and viscera have not been effective in 
increasing reprodm tion in martens. Rations well fortified with 
ingreilients rich in the various vitamins have likewise proved ineffec¬ 
tive. During the past year a colony of rats was maintained for 
supplying these animals in the rations at periodical intervals. Sexual 
activity has always been evident in the martens fed all rations at 


the station, but litters are not forthcoming in the sjiring. Until more 
definite information on feeiling for successful reproduction is available 
it will be impossible to give any recommendations for feeding either 

martens or fishers. DOMESTIC RABBITS 


Domestic rabbits are raised for meat and fur in eveiy State, and 
the total production in the United States may exceed 7,000,000 
animals a year. Even though all the skins are readily salable to the 
hatters’ trade and a small percentage to the fur trade, rabbits are 
produced in this countiy- primarily for meat because of its higher 
relative value. 

A medium-type rabbit- females (does) weighing 10 to 12 pounds at 
maturity and males (bucks) 9 to 10 pounds— is most widely used in 
commercial rabbitries. The animals are confined to individual 
hutches about 2 feet high with a floor 2)4 by 4 feet (fig. 2, A). The 
gestation period in rabbits is from 31 to 32 days. 

The commercial practice is to push the young animals by heavy 
feeding so that they will attain a desirable marketable weight when S 
weeks old, and then to breed the doe again just as soon as she weans 
a litter. As many as four litters a year of seven or eight young per 
litter are produced by each doe in the milder climates. 

Earlier experimental work seemed to indicate that grains shoukl be 
rolled and that a good-quality hay should constitute approximately 
60 percent of the rabbits’ ration. Later work with a self-feeder having 
compartments, perfected at the United States Rabbit Experiment 
Station, Fontana, Calif., showed that rabbits preferred the whole 
grains, such as oats, wheat, barley, and soi^hum, and actually made 
better gains on them than on the same grains rolled, ground, or 
pelleted. It was also found that a protein supplement such as soy- 
oean meal, peanut meal, or linseed meal was very essential to ma.xinuim 
gains, and that these should be supplied either in pelleted or pea-sized 
cake form. The pellets should be three-sixteenths of an inch in di¬ 
ameter and one-eighth of an inch long. Under such a system of 
feeding the rabbits consumed about 2% pounds of concentrates for 
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even' pound of hay, and these quantities of feed (including that fed 
the ^oe during pregnancy) produced 1 pound of live weight on rabbits 
weaned at 8 weeks of age. 

The Bureau’s recommendations are now that in commercial 
rabbitries the does while sucklii^ young be self-fed with at least two 
of the whole grains and one of the protein supplements (pelleted or 
pea-sized cake) in a self-feeder or that they Iw full-fed by hand with 
two parts of a mixture of any two or more of the smaller grains 
(relative price the primary' factor) and one part protein supplement in 
pelleted or pea-sized cake form. Clean, bright, leafy legume hay 
(alfalfa, clover, lespedeza, or pea-vine) cut into 3- to 4-inch lengths 
should be available in the hay manger at all times. A small quantity 
of succulent green feed or roots should be supplied daily. White 
block salt and fresh water should be kept before the rabbits at all 
times. No vitamin supplements are necessaiy'. Cod-liver oil should 
not be given, since it is toxic to rabbits. 

After the doe weans her litter she should be fed once daily, at 
evening, a quantity of concentrates that will be readily consumed in 
20 to 30 minutes. This restricted ration prevents her becoming too 
fat. The concentrate mixture should be four parts of any two or 
more of the small grains and one part of the protein supplement 
(pelleted or cake form). A small amount of ^reen feed should be 
supplied and legume ha}', salt, and fresh water ni abundance. Herd 
bucks and developing does and bucks can be fed the same ration. 
Naturally, a careful feeder will adjust rule-of-thumb methods to the 
specific requirements of individual animals so as to get the best 
results. More detailed information on the subject is available in 
publications obtainable by request from the United States Rabbit 
Experiment Station, Fontana, Calif., or the Bureau of Biological 
Survey, Washington, D. C. 



FEEDING REQUIREMENTS OF GALLINACEOUS 
UPLAND GAME GIRDS 


by Ralph B. Nastier > 


WITH an awakened public interest in the preservation of wild life, more 
and more farmers, 4-U Club members, and others are raising upland 
game birds. Also, more attention is being given to the right kind of 
feeding practices. This article dis<'usses the feeding of these birds in 
the wild and in captivity. 


Thk iMPOHTAXC'K of a knowledge of ganne nutrition aiiid satisfactory 
feetling praictices is gradually being impressed uiton game managers 
and others iuteresteal in {fame throughout the country. For more 
tltain half a century civilization hats been forcing game almost to 
extinction. One notable exaimpie is the complete destruction of the 
health hen, or eastern pintiateal grouse. At one time this bird was 
found in large numbei-s in Maissachusetts, southeni New Hampshire, 
.\ew York, Pennsylvania, ainl New Jeisey. Its last staind was on the 
island of Maxrtha’s Vineyard, Mass., where it existed for many years 
after its extinction in other sections of the country. In 1930, onh’^ 
one bird of this species could be found there. 

In recent years, certain foresigh teal <‘itizens have realized the need 
of help for wildlife. Through their efforts game refuges have been 
stairted, feeding groimds are pra^pared especially for the game, and 
artificial game propagation has become a business. The work of 
game preservation and replenishment by both State game commissions 
and private indivhluals has nnnle such strides in recent years that it 
lias passed the trial-and-error stage and reached the field of scientific 
research. 

This article attempts to show what has been done in the field of 
imtrition and feeiling of gallinaceous uplami game birds and what 
still remains to be done. Because much of the work on game to date 
has pertained to these species aiul because of space limitations, other 
kinds of game, including game mammals, marsh and aquatic game 
birds, pigeons, and doves, are not here consulered. 


I Ralph B. Nestler is .Associate Biologist, Bureau of Biologii-al »ur\yy. .Appi^ation is espre^ to 
H. W. Titus, in charge of Poultry Nutrition Investigations, Burwu of .Aninial Industry, and .Arnold Nd- 
son. Section of Food Uabits, Bureau of Biological Survey, for Uieir 

constructive crltlcbm of thia article. <The Bureau of Biological Survey was uansferred from the Depart- 
merit of ARrIeulture to the Department of the Interior July 1,1939.) 
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THE UPLAND GAME BIRDS 

Gallinaceous upland game birds belong to the superfamily Phasia- 
noidea, of the order Galliformes. This suporfamily is <Iivided into 
four groups—(1) grouse, ptarm^ans, and the sage hen (the Tetraoni- 
dae fanuly); (2) American quails and Old World partridges (the Perdi- 
oidae family); (3) pheasants (the Phasianidae family); and (4) turkeys 
(the Meleagrididae family). The 13 most important species in 
continental United States on which some work has been done in 
captivity are ruffed grouse, sharp-tailed grouse, prairie chicken or 
pinnated grouse, sage hen, bobwhite quail, mountain or plumed 
quail, California or helmet quail, Gambers quail, sealed quail, Hun¬ 
garian partridge, chukar partridge, ring-necked pheasant, and wild 
turkey.* Untfl very recently, only the bobwhite cpiail, the ring- 
necked pheasant, the Hungarian partri<lge, and the wild turkey hav'c 
been propagated successfully in captivity to any great extent. Other 
species of quail also are now being raised in this way with success. 

GROUSE 


Of the Tetraonidae family, the ruffed grouse, commonly called 
partridge in New England and pheasant in the southern Alleghany 
States, is probably the best known generally, and is one of our most 
esteemed native game birds. This species ranges from the Atlantic 
to the Pacific and from Canada to the higher ground of the Southern 
States. In 1884 85, Pierre Lorillard turned ruffed grouse loose on 
the game reserve at Jobstown, N. J., with satisfactory results. Suc¬ 
cessful implantations were made m 1900 on a 1,500-acre tract on 
Washington Island, Wis., by William Barnhard. Birds shipped from 
Alberta, Canada, to an island in Puget Sound, Wash., in 1923, have 
also done very well. 

Game propagators have found that the proper care of ruffed grouse 
in pens is very difficult. Adult native birds usually are too wild for 
controlled conditions. On the other hand, propagated stock brought 
to maturity is usually too tame for planting in the wild. 

The sharp-tailed grouse is not so familiar to most people as the 
ruffed grouse, and it has not received as much attention from the 
game propagators. It is found in eastern Coloratlo, central Nebraska, 
eastern South Dakota, Minnesota, Utah, northern New' Mexico, and 
western Wisconsin. 


Changes in the center of the prairie chicken population as related 
to human settlement of this country are still in process. This binl 
formerly ranged throughout all the open country between the Appa¬ 
lachian and the Rocky Mountains and from Canada to the Gulf 
coast. As the country became more thickly populated, the prairie 
chicken has disappeared from many regions, and the eastern limit of 
its range has moved westward. At the same time, the clearing of 
forests lias provided much new open country that it has been prompt 
to occupy. In this way, its range has extended westward and nortli- 
ward, and at the same time has been curtailed eastward. It is a 


of thesespwto are BrntMa umbtUiu (ruBed grouse), PtimtcHapluuianelttu (sharp 
), Tympanw^utcupi^ (pratrle chicken or pinnated grouse), Cenlroeercut urophtuianui (sage 

Bimll),/.op»or<gTCO«/or»ilciM 

helmet I^hor^xaambelt (Oambel s quail), Callipepla nquamata (scaled quail), Perdiz 

(chukar partridge), Phasianua colchicttt tortuatut 
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gregarious bird and is easily domesticated, but it has not been propa¬ 
gated successfully in captivity. 

The sage hen is found in the sagebrush plains of the Transition 
Zone from northwestern North Dakota to central California, north¬ 
western New Mexico, and northwestern Nebraska. It has not been 
raised successfully in captivity. 

QUAILS AND PARTRIDGES 

, very popular bobwhite is more wiilely distributed in the 
Luited States than any other species of the Perdicidae family. In 
the North it is commonly called quail, whereas in the Southern 
States it is generally designated partridge. It is very abundant and 
is the principal upland game bird of the Gulf and* South Atlantic 
States. It ranges westward to the elevated central Plains from 
S()uth Dakota t<) Texas. The distribution of the bobwliite in the 
Northeast is more restricted now than it was about .50 years ago, 
and the present stock seems unable to occupy the colder regions of 
the New England States, where at one time/the bird lived success¬ 
fully. This withdrawal of bobwhite from the cold interior of the 
Northeast to the warmer coastal belt jirobably goes hand in hand 
with the decline of iigriculture in New England and a nearly complete 
failure of the winter food supply. Intro«luction of the bobwhite into 
\yashington, Colorado, »ind Montana west of the Divide has met 
with moderate success, but implantations in California, Arizona, 
New Mexico, Utah, Wyoming, South Dakota, and Minnesota have 
failed. 

Bobwhite are amenable to lar^e-scale rearing in captivity. William 
Coleman of Virginia [)ioneered in the development of techniques and 
electrical equipment for succe.ssful quail propagation, and in 1929 
succeeded in raising very large numbers of birds successfully with 
electric incubators and brooders. Only a few yeai’s prior to this, all 
hatching and rearing had been done with bantam hens. 

The various other American quail, such as the mountain quail, the 
California quail, and Gambel’s quail, also may be raised in captivity. 
Their eggs may be incubated successfully umler bantam hens, and 
for some species electrical incubation has been tried. The mountain 
or plumed quail is confined to the mountainous sections of the Pacific 
Coast States; the California or helmet quail likewise is localized 
more or less on the west coast; and Gambel’s quail inhabits Texas. 
Arizona, and New Mexico, from which it is rapidly spreading to sur¬ 
rounding States, especially California ami Nevada. 

The scaled quail, known also as the white topknot and the blue 
cpiail, is one of the most interesting game birds of the Southwestern 
States. It is found in abumhmce locally and ranges through New 
^^exico and Arizona to Colorado, Oklahoma, west Texas, and Kansas. 

The European or Hungarian partridge was introduced into this 
country by Richard Bache in the latter part of the eighteenth cen¬ 
tury, when he stocked his plantation near Beverly, N. J. Subsequent 
plantings were made in Virginia and other parts of New Jersey. 
In 1904, this exotic bird was planted in North Carolina and did 
moderately well for a time on breeding grounds planted to cowpeas. 
The next year a wave of importation began along the entire Atlantic 
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coast. Importations were made in Connecticut, Pennsylvania, and 
New Jersey, on a very large scale. For a while the results were 
encoimaging, but by 1920 practically all the birds had disappeared. 
Recent attempts to implant this species in the North Central States 
have met with varying success. It seems, however, that the Hun¬ 
garian partridge has a good chance of becoming established in the 
grain-producing section of the Midwest. 

The chukar partridge has a number of other names, derived mainly 
from its loud double call—“kau-kau,” “keklik,” “Indian chukor,” 
“chickore,” “chukar red-legged partridge,” “chuckare,” and “chukru.” 
The chukar is a native of India, but it is found also in large numbers 
in north China, from which place it has been imported to this country. 
It was introduced first in California, and is now being reared and 
experimentally stocked bv a large number of State game departments, 
including those of Wasliington, Idaho, Montana, Wisconsin, and 
Kansas. 

This species may be found at alt altitudes, from sea level to 16,000 
feet, but its preference seems to be for elevations between 3,000 and 
4,000 feet. Typical chukar country is rocky and arid, with little 
brush. 

The chukar is an excellent game bird, comparing well with the 
Hungarian partridge. It adapts itself well to confinement. Artificial 
incubation of chukar eggs and artificial brooding of the chicks may be 
done successfully. 

PHEASANTS 

One of the most popular game lurds in the Hnito<l States today is 
not indigenous to this country. The ordinary game pheasant, called 
variously English pheasant, Chinese pheasant, Mongolian pheasant, 
ringneck, and English ringneck, is a cross between the common 
pheasant {Phasianus colchicus) and the Chinese pheasant (P. 
torqtiattts). 

Records indicate that the pheasant was first introduced to our soil 
in New Jersey in 1790 by Richard Bache. son-in-law of Benjamin 
Franklin, but the implantation failed. The first successful introduc¬ 
tion was made in Oregon by O. N. Denny, consul-general to Shangliai. 
China, in 1881. On the east coast an effective implantation was made 
in 1887 by Rutherford Stuyvesant on his Tranquillity Game Preserve 
in New Jersey. Nowhere in the United States has the pheasant shown 
more remarkable increases than in the Middle West. The principal 
pheasant State is now South Dakota, where .the first public stocking 
was made in 1912. In the Northwest also the species is Imlding its 
place, but in the Southern States the birds do not thrive when placed 
on their own resources. Numerous liberations have been made in 
the Southeastern and Southwestern States, but they have not resulted 
in establishing the species in either of these regions. 

Pheasants breed freely in captivity ; they and the bobwhite are the 
two most commonly propagated species of game. 

WILD TURKEYS 

A pure stl^ of wild turkey is very rare, and can be found in only a 
few places, uioM as the Santee River Basin in South Carolina. Prob¬ 
ably the foreraicit reason for the disappearance of the pure stock is the 
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readiness with which wild turkeys fraternize with domestic stock. 
Promiscuous matiiifi between the two strains has produced large 
numbers of partly domesticated game birds. These hybrids are quite 
plentiful in various forested sections of the Central and Sou^em 
States. 

Propagated wild turkeys are frequently too tame for release in the 
wild. To preserve their wildness, the birds must be confined closely 
in a location away from all domestic stock. The game commissions 
of Pennsylvania, Michigan, Maryland, and Virginia liave been quite 
successful in propagating wild turkeys. Some of the Pacific. South¬ 
western, and Midwestern States also are becoming active in this work. 

EXTENT OF UPLAND GAME PROPAGATION 

iwme idea of the extent to which upland game birds are propagated 
artificially may be obtained from a recent survey made by Clarence 
Cottam of the Bureau of Biological Survey, at the close of 1938, of the 
game breeders throughout this country (data unpublished). Of 6,302 
(|uestionnaires mailed out to possible dealers m the United States 
whose names were mentioned in game magazines or suggested by 
State game commissioners, 2,121. or 33.7 i)eicent. were returned. 
Forty-seven States and the District of Columbia are represented. The 
report is given in table 1. 

Tabi.e 1 .—Number of dealers in fiallinaceous upland flame bird species at close of 1938 


Orouse l)eaIer^ American (|iiail Dealers (>I<1 \V(»rl«l partruige Dealer- 


RulTed.. 

Sharp-tailed . 

Dusky.. 

Spruce.. 

Sage.- 

Ptarmigan, rock .. 


Xumher , | Xurnber Xamher 

24 I Bobwhile. __ 324 Hungarian. f)4 

H 1 California.118 r Bamboo . .. 24 

4 ' V^alley.! IIB ; Francolin.i 6 

3 : Oamhers-. 71 Red-creste<I Wood.. 4 

3 Mountain... ... 60 Himalayan Hill ... 3 

1 I Scaled.. .. _ ... 59 ; 

Texas bobwhite . 32 

Mexican bobwhite__ 22 

Masked bobwhite. 17 

Mearn's bobwhite_ 12 


l*heasant 


I 


I 


I>ealers 


Wihi turkey 


Dealer- 


S'ttmhfr Xurnber 

Ring-necked . . ... . . .. 544 Kaslern. . .. _ 60 

Chinese.-. .... .... 315 Rio Grande. . .. ... __ 9 

Florida . 5 


M. C. Wilson, in charge of e.xtensiim stiulies and teaching. Extension 
Service, United States Department of Agricidture. has reports from 
182 counties in various sections of the country, of 33,026 game birds 
produced by 4-H Club members during 1937; and from 167 counties, 
of 213,374 game birds produced by adults. 

These figures do not include game birds propagated by the various 
State game commissions or the Bureau of Biological Survey, whose 
contri&itions to our game resources are very large. 

PHYSIOLOGY OF UPLAND GAME BIRDS 

Like the barnyard chickens and turkeys the majority of upland 
game birds are gallinaceous fowls. They are mostly rather large. 

141.3SM' - -;i»-68 
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heavy-bodied birds, with comparatively short whips, poorly adapted 
for long flights. The legs are adapted for running and for scratching 
the ground, where most of the food, which consists of seeds, worms, 
etc., is found. 

Food takes the following course through the digestive system of a 
gallinaceous bird (603):^ 

Swallowed with the assistance of the tongue, the food is forced 
through the system by means of the muscles that line the digestive 
tract (fig. 1). If the bird has been without food for several hours, the 
first few mouthfuls go direct to the gizzard, the grinding organ of the 
body, witliin a few seconds. If, however, the fowl has been feeding 
more or less continuously^, additional food will be stored in the crop 
until the gizzard is emptied of a part of its contents. As the food 
passes from the storage pouch to the gizzard, it pauses for a short time 
in the proventriculus, or stomach. 

The rhythmic contractions and relaxations of the ^zzard exert suf¬ 
ficient pressure to grind the food to a fine mass, which passes to the 
small intestine. There it is thoroughly mixed and brought into con¬ 
tact ivith the walls of the intestine. It then passes to the large intes¬ 
tine. Two blind pouches, called ceca, are located at the junction of 
the small and large intestines and open up into the tract._ These 
pouches rhythmically expand and contract and thus receive and 
reject the intestinal contents. The remaining material, which is 
now in a semiliquid condition, passes through the large intestine to 
the cloaca, Avhere portions of it arc expelled at intervals. 

Titus points out (in an unpublished communication) that— 

digestion is extremely rapid in the domestic fowl. In as little as IJ^^ to 2 hours 
after the feed leaves the crop, an individual portion may be digested and the 
indigestible residue voided. However, for the complete digestion of a full meal, 
as little as 10 hours or as much as 18 hours may be rec|uired; the average time is 
close to 14 hours but may be appreciably less when nothing but a wet mash is fed. 

NUTRITIONAL DIFFERENCES AMONG SPECIES 

Even though the digestive systems of the variou.s species of galli¬ 
naceous birds are similar and in many respects the nutritive require¬ 
ments are identical, nevertheless certain differences are quite pro¬ 
nounced between the various families of the Galliformes order. The 
nutrition of the common chicken as compared with that of the domes¬ 
ticated turkey furnishes a good example. A laying diet formulated 
to meet the maintenance and reproductive requirements of the former 
will likewise satisfy the requirements of the latter, but this agreement 
does not hold true in regard to rearing diets for the growing birds. 
Turkey poults, because of their more rapid rate of growth, require 
about 4 percent-units * more crude protein, two and a half times more 
vitamin A, twice as much vitamin D, and somewhat more calcium 
and phosphorus than do chicks. Also, workers in California (679) 
have found that an acute dermatitis will develop in turkey poults as a 
result of vitamin G (riboflavin) deficiency, in spite of the fact that 
the diet contains an ample supply of the “filtrate factor,” which pre¬ 
vents dermatitis in chicks. In turkeys this skin disorder is completely 
prevented by riboflavin. On the other hand, the symptoms of 

* Italic Jiundlglij] parentheses refer to Literature Citeti, p. 107fi. 

* A percent'UilIt Is the difference between two percentages. 
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Figure L —Quail opened and viscera spread out. Digestive enzymes fiinetion in 
I he following tracts: 2. Undilated esophagus—^ptyalin in salivary secretions converts 
starch into maltose; 4. proventriculus—pepsin in gastric juice converts proteins 
into proteoses and peptones; 6. duodenum—amylopsin in pancreatic juice converts 
starch into maltose; lipase in pancreatic juice converts fats into glycerol and 
fatty acids; and try[)sin in pancreatic juice converts protein into proteoses, the latter 
into peptones and pol^pe|>tids and some amino acids: 7. small intestine (posterior 
part)—maltase in intestinal juice converts maltose into glucose; sucrase in intestinal juice 
converts sucrose into glucose and fructose; erepsin in intestinal jiiic. converts peptone 
into amino acids, (rliotograph from Stoddard’s The Bobwhite^ (^ail; Its Habits, 
Preservation and Increase, 1931, by permission of Charles Scribner’s Sons, publishers.) 
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vitamin G deficiency in chicks are slow growth, diarrhea, and emacia¬ 
tion, without dermatitis. 

Among the game birds, differences in the types of natural footl se¬ 
lected by the various species indicate that nutritional variation also 
exists among related birds in the wild. The ruffed grouse, for in¬ 
stance, feeds almost entirely on browse (leaves, buds, and tender 
shoots) and berries, whereas the Califonm quail and wild turkey 
subsist mainly on seeds, grains, mast, and insects. 

NUTRITIONAL STUDIES ON GAME BIRDS UNDER NATURAL CONDITIONS 

TYPES OF FOOD UTILIZED 

Fairly complete investigations of the food habits of game birds 
in the wild have been made by the Bureau of Biological Survey 
(fig. 2). Some of the State game commissions also have obtained 
data along this Ime for certain local species. Inasmuch as a'knowledge 
of the natural selection of foodstuffs is a key to the solution of the 
nutritional riddle, some of the more pertinent facts are presented. 

Seven types of food material are utilized by the upland game birds: 

(1) Weed seeds .—With the exception of the ruffed grouse and the 
prairie chicken, game birds eat very large quantities of miscellaneous 
seeds, many of them being from obnoxious weeds. Seeds of beggar- 
weed, bushclover, Japan clover, butterfly pea, ragweed, pigweed, 
sheep sorrel, partri<lge-pea, foxtail, smartweed, black bindweed, and 
lambsquarters are some of those found. 

(2) Animal/ood. —Grasshoppers, crickets, locusts, weevils, beetles, 
ants, flies, bees, earthworms, and snails. 

(3) Seeds of cudtimted plants. —Grains: Wheat, barley, oats, buck¬ 
wheat, benne, corn, kafir, millet, sorghum, rice, and rye. Legumes; 
Soybeans and cowpeas. 

(4) Alast .—Seeds of the pine, oak, sweetgum, maple, and ash. 

(5) Browse (used especially by the grouse).—Leaves of cliickweed, 
field sorrel, Christmas fern, spruce, clover, woodsorrel, hawkweed, 
and mountain-laurel; twigs and buds of maple, mountain-ash, hazel¬ 
nut, apple, cherry, aspen, birch, American hornbeam, and American 
hophonibeam. 

(6) Fruit. —Blackberry, partridgeberry, smilax, grape, sumac, 
black cherry, dewberry, and red mulberry. 

(7) Mineral .—Limestone pebbles, bits of oyster shell, particles of 
san^lstone, and quartz pebbles. 

FOOD SELECTION AND HABITS 

Table 2 shows in general the food habits of adult upland game 
birds, though tJie figures given are far from conclusive. As averages, 
they merely indicate what certain species might eat at any one time. 
The food selection by individuals of a species may vary considerably 
from that of the species as a whole. For instance, when Kelso {616) 
analyzed the crop contents of Hungarian partridges, he found that 
40 percent of the diet of one bird consisted of grasshoppers, whereas 
85 percent of the diet of another was composed of coulee crickets. 

The nature of the flora on the local feeding ground also influences 
the diet. In areas where there are large raspberry thickets pheasants 
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tigure 2.--—Crop contents of one ruffed grouse collected on the George Washington 
National Fores I, December 1935. TheSOfootlgroiips were identified as follows: 1, \len- 
ziesia (Xfonzirsia pilosa)i 2, buds of pin cherry {i^runus pennsvlvanica); 3, seed of witch- 
hazel {Hamatnelis virf^iniana); 4, buds of trailing-arbiitiis {h'pigaea repens); 5, buds of 
hickory (Carya sp.); 6, buds of black gum, or tiipelo (ISyssa syltHtiica) ; 7, Canada hemlock 
{Tsuf^a canadensis); 8 , serviceberry {AmeJanenier canadensis); 9, leaves of rose family 
(Rosaceae); 10, buttercup {Ranunculus sp.); 11, Christmas fern {Polystichum acrostichoi^ 
fles); 12, panic grass {Panicutn sp.); 13, leaves of wintergreen (Oauhheriaprocumbens); 14, 
fruit of wintergreen; 15, seed capsides of mountain-laurel {Kalrnia latifoUa); 16, moss 
(Musci); 17, biishclover (Lespedeza sp.); 18, buds of mountain-laurel; 19, undetermined 
leaf; 20, greenbrier {Sniilrtx sp,); 21, oxalis {Oxalis sp.); 22, blueberry {Vaccinium sp.); 
23, cinquefoil {Pittentilla sp.); 24, partridge-berry {Mitchella repens); 25, stonecrop 
(Sedum nevii); 26, leaves of trailing-arbiitus; 27, undetermined leaf; 28, selfheal 
(Prunella vulgaris); 29, aster (Aster sp.); 30, sheep sorrel (Rumex acetosella). 


Table 2 .—Fotni hulnts of upland ^ame birds -aivrafiy monllUy fmsis 


902 


YEARBOOK OF AGRICULTURE, 1939 




=l?s-Sse£?-5g5- 

j Sfci Sd fcj ^ JS ^ r/f ri 





® Orohs, Alfred O. progress report of the Wisconsin* puaikie chicken iNVESTHiATif>N. Wis. f’onserv. Cornu. 1U30. (Tyijewnttou.l 
Crop contents studied during October to A[)ril. 

” Crop contents studied during February, March, July, Seplemto, November, and December. 

Contains small quantity of grain from 1 bird. 
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feed extensively upon these fruits. Likewise, bobwhites in the 
vicinity of a pine f^rove will gorge themselves on the pine mast. 

Availability of the natural foods also has a marked influence on 
the food habits of birds. Drought, heavy snowstorms, and other 
weather conditions may have such an adverse effect on the supply 
of certain favoreil food material that the game may be forced to 
change their diet radically. For example, during a very severe 
winter, pheasants have been found with their cro])s stuffed with sumac 
berries, undoubtedly because there was a scarcity of more desired 
food material higher in nutritive value. 

Tt will be noted from table 2 that upland game birds are primarily 
herbivorous. During a year, animal food constitutes only about 
one-sixth of the bobwhite’s diet, one-ninth of the ruffed grouse’s 
and the ring-necked pheasant’s diets, and one thirty-third of the 
California quail’s diet. 

Influence of Age and Season 

Game chicks are omnivorous, animal food predominating in their 
diet, especially during the first few weeks after hatching. Young 
Califoniia quail, for example, during the first week of life eat animal 
matter to the extent of .“jO to 75 percent of their food, but after they 
are 4 weeks old they take little if any more animal food than the adult 
birds. Figure 3 illustrates this decrease and table 3 {1105) shows the 
selectivity of young quail as compared with adults. 


1'able 3. —Principal foods contained in 154 crops and gizzards of adult bobwhites adlected 
during the period that chicks are usually fauna afield (May 1 to November I), and those 
contained in 34 crops and gizzards of chicks varying in age from 2 weeks to 3 months 


Article of ftiod 

Adults 

Young 

Article of food 

.A<lults 

Young 

Aninml food: 



I Vegetable food: 

Percent 

Percent 

(Jms.'^hopper^ and relate<l 

Percent 

Percent 

I Fruit. . ... 

30.85 , 

16. 78 

insects _ 

12. 2t) ’ 

8. l.S 

1 Orasses- ... .. 

18. 77 . 

36. 12 

Beetles_ _ _ ___ 

4.68 

5. 76 : 

I Legumes.. .. 

5. 30 : 

4.97 

Bugs.. 

:j. u7 

4.68 1 

1 Spurges - - 

3 31 

4.17 

Be^, wasps, ants, etc_ 

52 

24 1 

1 Cultivated plant'? (except 


Miscellaneous insects. - _ 


18 1 

j legumes^. .. 

2 S5 

1 SH 

Caterpillars, moths, and eggs. 

1.62 ■ 

H.S5 1 

1 Partridge-pea and other sennas. 

1.27 

03 

Spiders and related Insects. 

47 

82 

1 

— 

— 

Slugs and snails... 


.70 1 

Total .. 

62 

64 25 

Mi.scellaneous animal matter.. 

28' 

1.50 

' 



Total- . .. ... 

22.90 

25.91 ! 





The diet of any species varies considerably from month to month, 
as is shown in figure 4 for quails and figure 5 for pheasants. 

During the summer when insects are available, the proportion of 
animal matter in the diet increases; harvesttime is a period of greater 
grain consumption; in the late fall weed seeds are a major article of 
diet; and winter brings increased nut consumption. 

New Foods and Poisonous Foods 

Stoddard (1106), in his work with the bobwhite, noted that the bird 
is very cautious about accepting new foods. W hile trapping quail 
for banding purposes, he used a mixture of several small grains as bait. 
The bo Whites were so attracted by the bait that they risked being 
trapped day after day to eat it. Two items of the grain mixture, how- 
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Figure 3 ,—V ariatioii in a pheasaiirsdiet tliroiighuiit I he year. (From P. P. J)a]ke (248) ^ 
by permission of the author and the editor of Ecology.) 


ever, buckwheat and upland rice, were left untouched. Both are con¬ 
sidered good quail foods in areas where they have been grown and 
harvested over a period of years. Stoddard found also that Florida 
beggarweed, a favorite quail food in southern Georgia, was ignored 
by quail when used as a bait in a region where it is a rare plant. 

The time required for game bir<ls to become accustomed to a new 
feed may vary considerably. It has been noticed that feeding plots 
of soybeans or sorghum planted in a section for the first time may 
not be frequented until the second or third season. Then they will 
be occupied by three or four coveys of bobwhite almost simultaneously. 
On the other hand, bobwhite have been much attracted to fields of 
the gray winter pea <hiring the first season that seed was matured. 

There is conflicting evidence as to whether game bii’ds tend to 
discriminate against poisonous food or not. Stoddard {1106), in his 
food study on bobwhite, found that even though the seeds of the 
|•o^Fceweed {Cassia tora) are of an ideal size for quail and are veiy 
])lentiful in rich soils of the Atlantic and Gulf Coastal Plains, they arc 
avoided by quail. In an examination of the food material eaten by 
several hundred bobwhite, only one seed of the coffeeweed was found. 
E.xperimentation showed that this plant is highly poisonous to quail. 
When a healthy, vigorous cock was forcibly fed 250 of the seeds, he 
developed a severe diarrhea within several hours and was dead 
2 I 2 days from the time of the feeding. 

This would indicate recognition of poisonous material, but McAtee 
points out a case where hun^eds of pheasant chicks on the New 
Jereey Game Farm died of eating rose beetles, which contain a nerve 
poison affecting the heart action of certain species. In a letter quoted 
by Leopold (677), McAtee says: 

We doubt if there is anything resembling avoidance of poisonous food by wild 
life * * * The general rule regarding choice of food is that an animal takes what- 
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ever is most reiidily available, considering the size and degree of specialization in 
food hal)its * * * Tf something deleterious happens to occupy tliis position, so 
much the worse for the animal, but ordinarily this does not happen in a state of 
nature. 

DESIRABILITY OF PROVIDING FEED PATCHES AND SHELTERS 

Thousands of fanns throughout the country are without sufficient 
food and cover to hold and support a good population of upland game 
birds throughout the winter months. Even where there is an abun¬ 
dance of wild foodstuffs, during late winter the supply may be 
exhausted or made inaccessible by ice and snow. The wildlife must 
either leave such localities for sections where food is obtainable or 
else face starvation. 

Bobwhites are far less resistant to starvation than pheasants, 
and cannot be deprived of substantial food for more than a few days 
at a time without danger. A food crisis that lasts a week may cause 
heavy niortality, and one of 2 weeks’ duration may practically 
annihilate j)oj)ulations over wide areas. 
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Figure 7 ,—^hat could be done with the hillside shown in figure 6 by conserving soil 
through suitable plantings and fencing out cattle, sheep, and hogs. In the resulting 
cover, game can find a suitable habitat for nesting and feeding. 


If farmers do not wish the depletion of game from their fanns, 
they must provide food on the home range during the season of short¬ 
age. This may be done by planting food patches, and by the estab¬ 
lishment of feeding stations during emergency periods. 

Few farnas are wholly free from eroded or rough land unsuitable 
for cultivation. These waste areas are usually made totally barren 
by pasturing livestock on them. If natural vegetation were allowed 
to grow in such places, erosion and gullying would be stopped, and 
at the same time cover and food would be supplied to game (figs. 6 
and 7.) The farmer could assist nature by judicious planning and the 
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planting of grasses, legumes, trees, shrubs, vines, and other erosion- 
resisting vegetation {^61). 

Most State game commissions, the Bureau of Biological Sun^ey, or 
the Soil Conservation Service are willing to assist the farmer in such 
projects. 

Size, Location, and Crops for Feed Patches 

Feed patches are often maintained on cultivated land. These may 
vary in size from a fourth of an acre to several acres in extent. Under 
higlily intensified agriculture, most farmers do not care to devote a 
large acreage to the supplementary wildlife food crops. It is of 
im|)ortance, therefore, that the plant selected for the food patch 
ranks high in its ability to produce heavy yields. A number of 
sorghums, Sudan grass, Minnesota sorghuin, flax, sunflow^er, millets, 
buckwheat, and corn are such plants. In regions of severe winter 
weather, wheat, oats, barley, or buckwheat are not very effective, as 
they ha^■e weak stalks, incapable of holding the head of grain above 
the ice and snow. Thus their usefulness is limited to the fall and 
early winter months. 

Experience indicates that corn is by far the most important patch 
food. R. G. Hill of Michigan (51S) points out that— 

a small patch of corn planted adjacent to permanent winter cover or near a patch 
of ry(‘ or sweetclover seems to fulfill tin* winter food requirements of most of 
our wildlife sjiecies which occur on the farm. An early maturing variety of 
yellow dent corn, such as Golden Glow, may be planted and cultivated at least 
two or three times, or a sufficient number of times to insure a good crop of ears 
The crop should be planted and cared for the same as the regular crop ^own for 
grain production. If cover is limited in the vicinity of the food patch, it is well 
to omit the last cultivation and allow weeds to grow and form a dense mat of 
ground cover. 

Corn is also outstanding for its resistance to shattering. Fry (400) 
points out that Gordon in 1937 found yellow' dent corn to be the 
nu)st palatable of 10 grains used in his observational food patches. 
The preference rating was as follow's: 1, Yellow com; 2, squaw' com; 
3, soybeans; 4, German millet; 5. Siberian millet; 6, Japanese millet; 
7. wneatland milo; 8, Greeley kafir; 9, Dnrso sorghum; 10, Minne¬ 
sota sorghum. 

RECOMMENDATIONS FOR SHELTERS AND FEED STATIONS 

Permanent shelters where grain can be placed make good winter 
feeding stations for game birds. These shelters should be built close 
to good protective cover, in areas that are protected from drifting 
snow, sleet, and wind. Sufficient openings should be left so that 
birds can easily escape from predatoi’s (fig. 8). 

Stations shoiild be started by November 5 or not later than Decem¬ 
ber 1, so that the birds will know their location and establish them 
within their regular daily feeding range. They must be visited 
regularly by the attendant, and provisions must be made for an ade¬ 
quate supply of grain. A few' corn shocks provide the simplest yet 
probably one of the best types of stations which can be established. 

According to Grange (432), in areas where bobwhite or Hungarian 
partridge are abundant, one feeding station to every -lO acres is desir¬ 
able; otherw'ise, a station may be built near the thicket that a covey 
is known to use. For ring-necked pheasants, one effective station 
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Figure 8 .—Bird feeding station niuintained by tbe Minnesota State Conservation 
Department during the winter of 1931-32, where more than 200 pheasants and 42 cpiail 
were fed. The feeder in the renter was a home-made device that kept a constant 

supply of seed before the birds. 


per square mile is sufficient for feeding; and for prairie chickens, one 
every 5 or 10 square miles is satisfactory. Although wild turkeys 
will come from considerable distances, it is best to provide feed in 
all the permanent winter headquarters that they are known to fre¬ 
quent. For ruffed grouse there is very little that can be done in 
the way of emergency feeding. In the wild this species subsists pri¬ 
marily on browse and fruits, and although they relish grains in cap¬ 
tivity they are slow’ in learning to accept this diet in the wild. Work¬ 
ers in Wisconsin i^ll) estimate that the approximate quantity of grain 
needed to maintain one game bird a week in severe winter weather in 
addition to the wild food that may be picked up is as follows: Pheas¬ 
ants, 2 pounds; prairie chickens, 1 pound; Hungarian partridge, 
% pound; quail, % pound. 

In emergencies, feeding may be done wherever birds are found, 
including ditches, hard packed roads, haystacks, railroad rights-of- 
way, or any natural windbreak or shelter. The important thing is 
that the feed must be placed where the birds will find it. 


NUTRITION OF GAME BIRDS UNDER CONTROLLED CONDITIONS 

In the endeavor to replenish the supply of game birds, artificial 
propagation of certain species, esjjecial y nng-necked pheasants and 
the bobwhite, is becoming a promising business in certain sections of 
the country. The changes in methods of incubation, brooding, and 
feeding have been quite radical in recent years, indicating the transi¬ 
tion of the business from the pioneer stage to a more substantial basis. 
For example, 23 years ago, Oldys (871) ^ave the following information 
to pheasant breeders regarding the feeding of pheasant chicks: 

Young pheasants pick up many insects in the rearing held, but the supply must 
be supplemented. It is customary to depend on so-called ants' eggs (really the 
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pupae of ants), maggots, mealworms, or finely ground meat . . . Mealworms are 
very satisfactory, but are difficult to raise in sufficient quantity. Maggots are 
equally good, and enough can be ijroduced cheaply. The customary method is 
to suspend a jiiece of meat, or the carcass of a flead animal, over a barrel or tub 
of bran. The flesh becomes flyblown and the maggots drop into the bran. Before 
they are used the maggots must Ije thoroughly cleansed or they are apt to cause 
purging. This is usually done by putting burlap or very fine wire in place of the 
bottom of the barrel or box of bran. I’hey will work their way through the bran 
in search of food and may be caught in a receptacle below, all ready for feeding 
to the ])heasants. This method is very offensive, anrl may be replaced by per¬ 
mitting a carcass to become flyblown and then l)urying it a few inches in the 
ground; the maggots will w'ork their way to the surface where they can be secured 
by the young pheasants. 

To the untiring perseverance of the pioneer game breeders in 
their endeavor to improve the methods of propagation belongs the 
credit for the remarkable advance in feeding methods since Oldys’ day. 
Research men in some of the State agricultural experiment stations 
have recently initiated studies in game nutrition. Notable among 
these are workers at Cornell University, Pennsylvania State College, 
Michigan State College, and Wisconsin University. The Federal 
Government, through the Bureau of Animal Industry of the Depart¬ 
ment of Agriculture and the Bureau of Biological Survey, also is 
planning research in this new field. 

NUTRITIONAL REQUIREMENTS OF GAME BIRDS 

Like human beings and donjesticated animals, game birds require 
a balanced diet for proper growth, maintenance, and reproduction. 
If there is a good choice of food materials available, the bird in the 
wild state will balance its diet successfully. In the captive state, 
however, the bird must depend wholly upon man to furnish it with 
sufficient quantities of the nece.ssary nutrients. 

Water 

F’irst, water is essential. Even though game birds in the wild 
seem to manage well on dewdrops and succulent material, in con¬ 
finement they require a more reliable source of water. Approximately 
.50 percent of a chicken’s body and 72.5 percent of the egg contents is 
water. Water ranks far above any other substance in rate of turn-over 
in the body. It serves to soften the feed, aids in the processes of 
digestion and absorjition of other nutrients, serves in transporting 
the end products of digestion from the digestive tract to various parts 
of the body, and assists in the elimination of waste products. Water 
also facilitates cell reactions, helps to regulate body temperature, aids 
in the lubricating of the joints, and acts as a water cushion for the 
nervous svstem. 

Seeds 

Seeds and their byproducts have a verj’^ important place in the 
diet of birds. For the feeding of birds in confinement, cereals are 
used instead of most of the seeds obtained by birds in the wild, because 
of tlieir availability and comparative low cost. This feed material 
is considered valuable primarily because its carbobvdrate content 
supplies the fuel for the body heat and is the princmal source of 
energy. The grains also add bulkiness to the diet. There is some 
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evidence tliat the presence of a small quantity of indigestible and 
somewhat bulky material in the intestines facilitates both the digestion 
and absorption of the digestible portion. 

Other valuable properties possessed by the cereal foods are seldom 
considered by the average person. Cereal grains and their bj^products 
are the chief sources of vitamin Bj (thiamin) and vitamin E in a 
typical diet for birds. Vitamin Bi is essential for growth, main¬ 
tenance of appetite, and the. prevention of polyneuritis; vitamin E is 
vital for the production and hatchability of eggs. Certain cereal 
byproducts, such as rice bran and wheat middlings, have also been 
found comparatively high in manganese, which is very neces.sary in 
th(‘ prevention of perosis or slipped tendon. Yellow com is prized as 
a fair source of vitamin A. Oats and their byproducts hold a special 
place among grains. Titus has pointed out that they are a good 
source of the anti-gizzard-erosion factor; they tend to prevent rancidity 
when finely ground and thus are valuable in the preservation of 
vitamins A and E; there is good indication that they tend to prevent 
a fishy flavor in a bird’s flesh when cod-liver oil is fed; and they are 
reputed to be of high value in the prevention of cannibalism, toe 
picking, and feather picking. An intense study of this last char¬ 
acteristic has been made by Miller and Bearse of West Washington 
Experiment Station (789). 

Norris (856) in his work with pheasants found that wheat flour 
middlings when used as a largo portion of the diet had definite perosis- 
preventing properties and promoteil fair growth and good feathering. 
He noted, however, that the perosis-preventive property may vary 
considerably. 

Very little work has been done on the value of the various cereals 
in the diet of game species. J. B. (’oleman, pioneer bobwhite breeder 
in Virginia, conducted an interesting experiment on his fami, in which 
he placed more than a score of seeds, including legumes as well as 
cereals, in separate containers, and studied the birds’ selection. To 
his amazement, the birds practically avoided the legume seeds, which 
are found in large quantities in the crops of wild birds, and showed a 
marked preference for kafir and the, millets. According to Coleman, 
rye, which is not a palatable feed for chickens, was eaten by tlie bob- 
white to as great an extent as oats, wheat, and barley, without causing 
any apparent digestive disorders. 

In similar work conducted in Wisconsin bv Hawkins, Moore, and 
Leopold (Sll), it was found that game birds like corn better than any 
other grain. The percentage of the other seeds consumed by the time 
all the corn was exhausted gives a good idea of how the feeds compare 
in palatability: 

Percfni Pfreent 

Wheat and scratch feed_ . _ oO Sweet corn and SiuJan grass seed.. 35 

Buckwheat_ 45 Sorghum seed_ 25 

White corn, popcorn, and barley.. 40 Soybeans, oats, and rye.. 15 

At Missouri University, Nagel (834) made an interesting study on 
the relationship between diet and extent of parasitism in the bobwhite. 
From his data he drew the tentative conclusion “that the presence of 
soi^bapi'-liane in the diet of bobwhite quail has a restraining effect 
on paiiiltism.” 
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Protein Concentrates 

Proteins are indispensable constituents of the blood, muscles, organs, 
skin, tendons, bone, and feathei-s, in fact, of all tissues of the animal 
body. They constitute about one-fifth of the live weight of a chicken 
and between one-eighth and one-seventh of the whole egg. Although 
some protein is derived from the cereals and green foods, the primary 
source is protein concentrates. There are two classes of these coii- 
centrates, namely, those obtained from animal sources, such as dried 
skim milk, meat meal, and fish meal, and those obtained from plant 
sources, such as soybean meal, linseed meal, and peanut meal. 

Practically no work has been done on the comparative value of the 
various protein concentrates in the nutrition of game birds. The 
Pennsylvania workers {185) in 1933 believed that the use of ordinary 
commercial (.55-percent jirotein) meat and fish meal in a high-protein 
mash permitted the development of an appreciable percentage of 
perosis cases, and recommended a meat scrap of a h^her protein 
content (75 percent). 

Norris {859) of Cornell sought to determine the relative importance 
of dried skim milk, fish meal, and meat scrap in the best pheasant 
chick ration developed so far. These ingredients were progressively 
removed from the ration, first one at a time, then two at a time, and 
finally all three, lie found that all three played an important part 
in balancing the diet, but his results did not clearly reveal the cause 
of the better balance attained. He has formulated pheasant diets 
in which he has included a mixture of soybean meal, vacuum- or 
steam-dried fish meal (60- to 65-percent protein), meat meal (75- 
percent protein), and dried skim milk. Apparently these diets have 
proved successful in pheasant production. 

Notable work has been done on the quantitative protein require¬ 
ments of ])heasants and, to a lesser extent, of bobwhite. In 1932, 
C’allenbach, Murphy, and Hiller {186) pointed out that better early 
growth of pheasants was obtained on a diet containing a higher level 
of protein than is suitable for the domestic chick. The best growth 
and feathering and greatest feed consumj[>tion per 100 pheasants were 
secured through the use of a diet analyzing approximately 28 percent 
of protein. 

Beginning the same year, Norris and associates of Cornell Univer¬ 
sity, in cooperation with Bump of the New York State Department of 
Conservation {860), began a series of experiments to compare the effects 
on pheasants of diets containing the following proportions of protein— 
18, 21, 24, 27, 30, and 33 percent. The chicks were started on the 
diets approximately 24 hours after hatching and the experiment was 
continued for 18 weeks. After three different experunents it was 
concluded that a diet containing 24 percent of protein is necessary for 
rapid early growth of pheasants. This is about 4 percent more than 
tlie requirement of chickens. The maximum growth of pheasants 
was attained at 27 percent, while levels of 15 and 18 percent signifi¬ 
cantly retarded growth and cannibalism and feather pulling were also 
more" prevalent at these low-protein levels. The results of their third 
experiment are given in table 4. 

In his study on the protein requirements of bobwhite clucks, Norris 
in New York'(S5^) used protein levels of 21, 24, 27,30,33, and 36per- 
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lent on battery-reared birds. Two experiments showed that the 
Imbwhite requires 27 percent of protein in its diet for rapid growth. 
However, the difference between the results at the 24-percent and the 
27-percent level wns not great. 

T\ble i,—If eight of pheasant chicks at 4 and H nveks on six different /et>e/s of protein 


Protein in ration 
(percent^ 


18_ 

21 . 

24 _ . 


Averajte weight ‘ 


Initial 

At 1 
week-j 

Al s 
weeks 

Grams 

Ora ms 

1 Grams 

18.7 

11(1. s 1 

I 358.3 

18.5 

I3fl.3 1 

[ 418.6 

18.7 

157.5 : 

454 3 


Protein in ration 
(percent) 


27. 

ao___ 


\verage weight ^ 


Initial 


i ' At i 
weeks 


At s 
week^ 


Ora ms [ 

18.0 I 

18. a 1 
18.9 


Ora ms ; 
153.0 ; 
149.0 
155.0 


Ora ms 
444.4 
451.7 

m. 2 


1 Weighted for .sex iufluenoe. 


An analysis of Coleman’s quail feeds at the Poultry Nutrition 
Laboratory, Agricultural Research Center, reveals the following 
proximate protein content; Quail mash, 28.36 percent; chick seed- 
grain mixture, 14.02 percent; adult seed-grain mixture, 12.76 percent. 


Vitamins 

Vitamin A 

Vitamin A is essential for growtii, reproduction, liatchability, and 
maintenance of health. It is found chiefly in materials of animal 
origin, such as livers of both mammals and fish, and in fish-body oils. 
Cod-liver oil, when properly prepared and stored, is a very rich source 
of this factor, containing from 272,150 to about 1,000,000 Interna¬ 
tional Units per pound. Sanline oil contains about 13.5 percent as 
much of this vitamin as cod-liver oil. 

Plant materials are the chief sources of vitajiiin A ])rccursors—the 
substances that are changed to vitamin A in the animal body—of 
which carotene is the most common. Such green foods as fresh alfalfa, 
kale, and clover are excellent carriers. If alfalfa or clover is jjroperly 
dried and stored, it retains a great deal of the carotene. 

Oxidation and heat readily destroy both vitamin A and its pre¬ 
cursors. Because of this fact, cod-liver oil should be kept in closcul. 
well-filled receptacles in a cool place, and should not be mixed with 
feed until a short time before it is to be used. Likewise, corn and 
alfalfa products should not be stored for long periods, for it has been 
found that in 1 year 50 percent or more of the carotene is lost. In hot 
weather these ingredients should be kept in a cool place. A bright- 
green alfalfa-leaf meal is preferable to brownish-green meal, but the 
color is not an absolute criterion of the vitamin content. No work 
on the vitamin A requirements of game birds has been recorded in 
the literature. 

Vitamin By {Thiamin) 

As wf# pointed out in the section on cereals, the ordinary diet, in 
whic^yiitos predominate, usually contains sufficient quantities of 
«4taiijiiPllt‘ (thiamin) for animal maintenance. This is true for some 
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game birds as well as for chickens. The workere at Cornell ( 806 ) 
found that the quantity of vitamin Bi needed by young pheasant 
chicks is easily supplied by common cereals and their byproducts. 
However, in their work with ruffed giouse, they noted symptoms of 
vitamin Bj, deficiency among the birds used in the 1932 experiment and 
corrected them by the use of a vitamin B, extract. 

Vitamin D 

Vitamin D is required for the development of a normal skeleton 
iuid for reproduction. Too much vitamin D, that is five or six times 
the quantity normally required, is as deleterious as too little. This 
factor is not found in the ordinary foodstuffs. For animals living in 
the open, this vitamin is manufactured in the body by the action of 
the ultraviolet rays of the sun upon certain vitamin D precursors, 
such as cholesterol and ergosterol, present in the system. But when 
birds are raised and maintained under artificial conditions, another 
source of this factor must be used. P'ish oils, such as cod-liver and 
sanline, are the best sources known at present. Tlie vitamin D con¬ 
tent of cod-liver oil ranges from 38,.'>90 to about 160,000 International 
L'nits per |)ound. 

Baird and Greene (54) found that pheasants require a minimum of 
approximately 22.5 to 275 International Units of vitamin D per pound 
of feed in an otherwise balanced <liet. 

Norris {8-59) reports further investigations of the vitamin D require¬ 
ment of pheasant chicks bj F. D. Baird, which showed that 0.25 per¬ 
cent of fortified cod-liver oil containing 113,398 International Units 
of vitamin D per pound prevented the development of rickets during 
a test period of 8 weeks. This is about three times as much of the 
same oil as was found necessary to prevent a rachitic condition in 
domestic chicks fed a similar rickets-producing diet. Norris' residts 
are given in table 5. 


"Fable 5.— -Awrnfie pvrwut of fmrw ash^ and bone structure of 8-ueek^dd pheasant 

chicks fed eifijht different levels of fortified anldiver oil 


Fortifletl 
i-o(Miver 
oil (per¬ 
cent) 

.\vera^e ! 
weieht ' 
; at 8 ’ 

\\ eeks 

.Vveraue j 
amount i 
of hone . 
iV8h at 

S weeks 1 

Average hone 
structure at 8 
weeks 

I Fortifleil 

1 cod-liver 
j oil (fier- 
1 cent) 

Average 
• weight 

1 at 8 

1 weeks 

Average 
amount 
of hone 
ash at 
s weeks 

Average bone 
structure at 8 
weeks 


Gram* 

l*frcfnt ' 


1 

Graww 

1 Pfrcent ' 


il.Ol) 

(>) 



0.20 _ 

35ti. 0 

39.1 i 

Slightly rachitic. 

il.Ofi .. . 

1 (M 



0.25_ 

408.1 

46.9 1 

Xormal. 

ti.lO . . . . 

I 220.0 


Rachitic. 

0,30 . 

i 350.7 

47.4 1 

Do. 

u.ir) .. 

211. 5 

•i7.fi ‘ 

Do. 

0.35. 

389.0 

45.7 ' 

Do. 


.\11 ‘lead. 

Vitam in E 

Vitamin E is necessary for reproduction and hatchability of eggs. 
Green foods, such as alfalfa and clover, and the germs of grain are tlie 
best known sources of this factor, although it has been found ividely 
distributed in nature. Under ordinaiw conditions, vitamin E is quite 
stable, but it is very quickly destroyed by rancidity. For this reason, 
feeds that are rancid, even very slightly, should never be used. 
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Vitamin 0 {Riboflavin) 

Vitamin G is another factor essential for growth and for hatch- 
abilitjr of eggs. Dried whey, yeast, dried skim milk, and liver are 
especially rich in it, and green foods are very good sources. Alfalfa- 
leaf meal from plants that have been properly harvested and cured 
contain more of this factor than the green alfalfa. Protein concen¬ 
trates from animal products are fair souf-ces, but the grains contain 
relatively little. 

Studies by the Cornell workers {859) on the need of pheasants for 
vitamin G during early growth indicate that this is satisfied by the 
inclusion in the diet of 4 percent of dried pork liver, which is equiva¬ 
lent to about 20 percent of drieil skim milk. This is 2 to 2.5 times 
greater than the requirement of domestic chicks for this factor. The 
results of these studies are given in table 6. 


Tabi..e 6. —Average tveight of pheosant chicks at 4 and 6 u'ceks old fed diets containing 
eight different amounts of dried liver for the vitamin G nmtent 


! 

.\verngei weight 

T 

1 

.Vvemee* weiglU 

Dried liver in diet i 
(percent) 

fnitial . 1 

1 Dried liver in diet 
j (percent) 

fnitiftl ^ 

initial 1 i 


0 . 

J. 

2 

3 


Or (unit 1 OraniK 
18. 7 48. 8 

18.0 ! 86.3 

18.8 , 110,8 

18.7 I 119.0 


Grains 

102.0 i, 4.. 

162.2 I' 5. 

203,9 |! 6.. 

228.2 ' 7-. .. 


Grams 
IS. H 1 

19.9 1 
19.2 
18. I 


Grams 
13a 4 
142. 6 
151.0 
146.9 


Grams 
238 2 
262. 5 
281.9 
274. 9 


1 Weighted for se.\ influence. 

Other Vitamim 


Although present investigations indicate that th(‘ ordinaiy domestic 
chicken synthesizes suflicient vitamin C' for its needs, nothing is known 
about the requirements of game birds for this factor. Otlier less 
known vitamins, such as the factors that seem to prevent chick derma¬ 
titis, encephalomalacia (a brain disorder due to a nutritional defi¬ 
ciency), hemorrhage, and gizzard erosions are still too new in the 
knowledge of domestic-poultry nutrition to have received much 
consideration in studies on game-bird nutrition. 


Minerals 

Calcium, phosphorus, manganese, sodium, p<)tassium, magnesium, 
sulfur, chlorine, iron, iodine, copper, zinc, and silicon are all known 
to be necessary for the maintenance of life and reproduction, and 
possibly cobalt should be included in this list. Many of these elements 
are found in the ordinary foodstuffs in adequate quantities to meet the 
animal’s needs. However, there are certain ones, such as sodium, 
chlorine, calcium, phosphorus, and manganese, that may have to be 
be supplied as supplementary material. 


Sodium and Chlorine 

very necessary for the maintenance of the acid-base 
equil^(|llil|| of the body, and chlorine is an important constituent of 
the <^iS®fitive juices. As a rule, both may be funiislied through the 
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medium of common salt. For the domestic fowl 0..5 percent of salt in 
the chick diet and 0.7 percent in the mature-stock diet has usually 
been found sufficient. Norris {860) in his sufrgestod pheasant-chick 
diet uses 0..5 percent of salt. 

Calcium and Phonphorm 

(’alciuin is one of the main elements involved in skeletal and egg¬ 
shell formation. It mav be fumishe<l to birds in the form of high- 
grade limestone, oystersnell, or crab shell, all of which are very goo«l 
sources. Phosphorus works together with calciunj in the metabolic 
processes of the body. It, too, is a characteristic constituent of the 
bones. An excess of either or both of these elements is to be avoided, 
since it has been found that an excess of inorganic phosphorus will 
considerably increase the incidence of perosis in domestic chicks. 
Usually for mowing birds there is sufficient phosphorus in the <liet 
without any being added, but for laying stock it is sometimes necessary 
to supply extra phosphorus. When calcium and phosphorus are both 
required, steam bonemeal is fed as a part of the »Het. 

Callenbach and Murphy of Pennsylvania State College in 103o 
experimented with ring-necked pheasant chicks k(‘pt in battery 
brooders (data unpublished). These birds were fe<t diets in which 
the calcium content varied from 0..5 to .3 percent and the quantity of 
jihosphorus ranged from 0..5 to 1 percent. The calcium-phosphorus 
ratio varie<l from 1:1 to 3:1. Their results indicated that for phea¬ 
sants reared in batteries a diet containing 1 ..50 percent of calcium ami 
0.75 percent of phosphorus gives satisfactory growth and sound bone 
development. 

In very recent preliminary work by Skogland, also of Pennsylvania 
State (\)llege. six diets were usetl, the calculated calcium and phos¬ 
phorus contents of which are given in table 7. 


T4BI.R 7. — (jilvulatPil calcium and phosphorus contents of diets fed pheasant chicks at 

Pennsyh'ania State Collcfte 


Diet No. 

Calcium 

Phos¬ 

phorus 

('alfiuni- 

phosphorus 

ratio 

Diet No. 

f'alciuni 

Phos¬ 

phorus 

CaK-iiim- 

phospluirus 

ratio 

1.. 

Percent 

0.72 

Percent 

0. 73 

1.0:1.0 

4.-. 

Percent 

2.00 

Percent 

1.00 

2.0:l-ti 

■» 

1.00 : 

1.00 

1.0:1.0 
r.5:l!o 

6.-. 

2.50 

1.00 1 

o ^.1 n 


l.M 

1.00 

fi. 

2. .50 

1.25 

2]o:l!n 






The birds on diet No. 1, which contained 0.72 percent of calcium 
and 0.73 percent of phosphorus, showed the best_ growth, consumetl 
the smallest quantity of feed, made the most efficient use of the feed 
consumed, had the lowest mortality, and experienced the least occur¬ 
rence of perosis. On the other hand, ihe birds on diet No. 4, which 
contained 2 percent of calcium and 1 percent of phosphorus, showed 
the poorest growth, consumed the largest quantity of feed, rated fifth 
in feed consumption and efficiency, had the highest mortality, and 
e.xperienced the greatest and most severe occurrence of perosis. 

In Norris’ suggested pheasant diets for growing birds the calcium 
content is kept at 1.6-1.7 percent, and the phosphorus content at 
0.8-0.85 percent. 
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So far as is known, no work has been done on tiie calcium and 
phosphorus requirements of mature game birds. 

Manganese 

Very recent nutritional studies with chickens have disclosed the 
fact that manganese deficiency and perosis are definitely linked 
together. Although perosis is apparently the result of a complexitv 
of factors, the addition of manganese to a perosis-producing diet will 
decrease the malady consulerably, if m)t »eliminate it entirely, espe¬ 
cially if the percentage of phosphorus is kept at a low level. Chickens 
require at least 50 parts per million of manganese in the diet. In the 
case of this species, Titus advises the addition of 1.7 pounds of anhy¬ 
drous manganous sulphate or 2.5 pounds of manganous sulfate 
tetrahydrate to 100 pounds of common salt, for mixing with the diet. 
In the mineral studies conducted by the workers at Pennsvlvania 
State College, there were between 36 and 40 parts per million of 
manganese to each diet. Perosis was prevalent throughout the experi¬ 
ment, and even with the diet containing only 0.73 percent of phospho¬ 
rus. there was one case of the malady. Bass (64), m his work with the 
bobwhite, is convinced that 40 to 100 parts per million of manganese 
in the diet will prevent perosis. 

Other Minerals 

The value of the addition of other minerals to the diet is doubtful. 
Recent work with chickens indicates that the addition of potassium 
iodide, iron compounds, copper compounds, and possibly sulfur to the 
diet of that species may be of value at times. The last-named ma¬ 
terial has little nutritional value, but may be of some use in combating 
coccidiosis, an avian disease affecting the digestive tract, especially 
the ceca. 

Although charcoal is used quite e.xtensively by wild-ganie breeders, 
it has little, if any, value nutritionally. 

Grit 

Work by poultry’ nutrition workers at the Agricultural Research 
Center has shown that gallinaceous birds can live without grit and 
even digest whole grain without its aid. When grit is present, how¬ 
ever, there is more efficient utilization of feed, and less energy is re¬ 
quired by the gizzard for grinding feed. In the case of growing do¬ 
mestic chickens abscesses may occur in the gizzard lining if a finely 
ground, low-fiber diet is fed without grit. 

Leopold (677) points out that most game birds in the wild consume 
grit daily, pheasants particidarly frequenting graveled roads at night¬ 
fall, presumably for this purpose. 

Titus is convinced that "it is a worth-while practice to supply grit 
to chickens so reared and kept that they do not have access to the 
soil.” However, he points out that it is highly important that careful 
consideration be given to the kind of grit that is supplied. Probably 
the best grit one can obtain is river gravel or native pebbles, but any 
ins 9 |,^lt>le, nonfriable rock material may be used. Fine sand is of no 
grit because it readily passes through the gizzard, but very 
eijikiw-MUid may be used for young birds. 
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Becaufse of the paucity of knowledge concerning the nutrition of 
game, there are very few recommended game diets. 

Norris {869) suggests two diets for young pheasants on the basis of 
experimental results and practical experiments (table 8). 


Table 8 .—Composition of tu^o diets for younf^ pheasants 


Inprreilient 


Diet 
No. 1 


Yellow corn meal. 

Wheat-flour middiinRs 
(Iround heavy oats _ 

Dehydrated alfalfa meal (20 i)er- i 

cent protein)... 

Dried skim milk.. _ 

Dried liver.... . 

Meat meal (75 percent protein)... 
Fish meal (60 to 65 percent pro¬ 
tein), either vacuum- or steam- 
dried.-.. . 


Percent 

20.0 

25.0 

10.0 

‘ 5.0 

• 20.0 


5.0 


5.0 


Diet 
No. 2 I 


Inyredient 


Percent ! 
24.0 : 
25.0 ‘ 

10.0 ! 

1 


10.0 
2.5 ! 


Soybean meal... 

Pulverizeti limestone.. 

Common ‘^alt.. .. 

Cod-liver oil (S5 International 
Unit.s of vitamin D i)er pram). 

Total.... 


Diet 1 

Diet 

I .Vo. 1 ' 

1_ 1 

' .Vo. 2 

Percent 

Percent 

6.5 

10.0 

2.0 

2.0 

0..'S 

0.5 

1.0 

1 1.0 

100.0 

! 100.0 


5.0 


5.0 


Articles in this Yearbook by H. W. Titus on the nutrition of the 
<lomestic chicken, entitled “Practical Nutritive Requirements of Poul¬ 
try” and “Practical Feeding of Poultry,” give information on the 
nutrition of domestic gallinaceous birds that may be applicable to 
the upland game birds. In the last-named article are some valuable 
tables on the composition of foodstuffs, including the mineral and 
vitamin content, and their digestibility. 

FEEDING PRACTICES 

There have been two notable changes in the management practices 
of propagators of upland game birds: (1) From rearing and maintain¬ 
ing the birds on the ground to rearing and maintaining them on wire 
cloth (fig. 9, .4); (2) from the custard-clabber feeding of game chicks 
to a more simplifieil and sanitary system of feeding (fig. 9, B). 

Until very recentlv, all breeders gave their chicks and mature birds 
access to runs planted to some cover crop such as clover, alfalfa, 
cereals, or grass. However, whatever benefits were derived from the 
green feed were nullified by the spread of disease, especially ulcerative 
enteritis or “quail disease,” from the contaminated ground. Regard¬ 
ing this disease, Stoddard quotes from Dr. Morse: 

At the beginning of an outbreak the more susceptible birds may die suddenly 
without showing noticeable symptoms or the characteristic internal lesions. Less 
acute cases show ruffled feathers, dullness, droopineas, lack of api^tite, increased 
thirst, and frequently diarrhea ... In chronic cases emaciation is extreme . . . 
'Fhe most characteristic lesions are numerous small, yellowish areas of necrosis in 
the wall of the intestine. These areas average about the size of a pinhead and 
ina\" be seen through the peritoneal surface. Necrotic ulcers sometimes perforate 
the intestinal wall. 

Propagators of bobwhite and ruffed gi'ouse have found that such 
contagion can be reduced considerably by rearing the young stock and 
maintaining the breeders on sun porches of wire cloth rather than on 
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restricted range (fig. 10, A and B; fig. 11, ^ and B). They supply 
freshly cut green feed taken from nearby grass plots every day in 
special receptacles. 

The making of custard for game chicks is a laborious, unnecessary 
procedure that is rapidly losing favor with breeders, while clabber 
IS apt to bring about parasitic infestation of birds by drawing hundreds 
of flies that are carriers of disease germs. 



Fifpm 9 .—Modern electrically heated quail brooder pens in Maryland. These 
pens will hold 15 to 30 quail chicks; B, quail feeding and watering devices. 





UPLAND GAME BIRDS 921 

Feeding Chicks 

Pheasants 

Smith {1066) reports the procedure tliat is used successfully with 
pheasants on the Fisher State Game Farm in Pennsylvania as follows: 

The chicks are fed the first 3 da^^s on our 30 percent pheasant starting mash, 
witli a little fine sand mixed in and water. At 6 and 10 a. in., and at 2 and 6 p. m., 
they are fed sparingly on fine hard-boiled egg sprinkled on mash, to teach them to 
pick the mash. Three times daily they are given fine chopped greens. On the 
fifth day we add fine grit, oyster shell, and charcoal. At 3 weeks they are started 
on fine chick grain mixed with the mash, and at 5 weeks intermediate scratch is 
given. 

Unfortunately Smith does not disclose the formula of their mash. 

Additional feeding facts are given by the Pennsylvania Board of 
Game Commissioners.^ They warn: ‘‘Do not overfeed. Just give 
the birds enough for them to clean up in 10 or lo minutes.^' They 
also state: 

Starting the seventh week, begin feeding in rainproof hoppers a high grafle 
growing mash. This change of feed must be made gradually by mixing the 
growing mash with the starter for a few days, before feeding the straight growing 
niasli. In addition, feed a medium scratch grain every evening. On this ration 
you may raise your birds to maturity. 


' AxoNYMors. HATCHING AND REARING RiNGNECK PHEASANTS. Pa. Boapl of Oame ('oininr>.. ])iv. 
Proi>auaiion and (Jnme rami'* R<*in. (Mimeographed.! 



Fiatire 10.—A, and B, Bobwhite quail in winter holding pen, Petersburg, Va., February 
1939. (Courtesy of James Schwenck.) 
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Future 11.—A, Chukar partridges in winter holding pen. No difficidties have been 

countered in maintaining chukaw on *^‘‘"‘7® w n*"VoVmaIri 

holding pen, Richmond, Va., February 1939. (Courtesy of W. B. 

C, Male and female bobwliiteB in laying pen; nest, feeders, and waterer shown. 
’'‘■‘^(Courtesy of James Schwenck.) 
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Bobwhite Quail 

For bobwiiite rnising, Coleman (132) of the White Oak Quail Farm 
in Virginia recommends that 1 or 2 hours after the bobwhite chicks 
are placed in the brooder, they should be given dry quail mash ad 
libitum in small trays, clean coarse sand, fresh tender greens, and 
water. The water used for the first few days is drawn several hours 
before using and allowed to warm to room temperature, to prevent 
chilling the quail. 

The greens (lettuce, alfalfa, or clover) should be fed at least three 
times daily from the first. They are cut fine with scissors and 
sprinkled on the water and in the sand tray until the birds are about 
4 weeks old, when they are old enough to pick at larger greens. 

On the fifth day from hatching, Coleman adds a little pulverized 
oystershell and baby-chick size charcoal in the sand tray, mixing them 
with the sand. Several days later he adds baby-chick size oyster- 
shell. Coleman does not feed any tomatoes, cucumbers, apples, or 
carrots, having found them of little value in the diet of either young 
or mature quail that receive a balanced diet supplemented with fresh 
greens. 

At the fifth week, Coleman feeds a chick grain-seed mixture, spar¬ 
ingly, in the afternoon, so that the birds will be forced to eat con¬ 
siderably more mash than grain every day. When the birds are 10 
weeks old thw are started on a grain-seed mixture suitable for mature 
bobwhites. During the laying period (fig. 11, C), Coleman believes 
that— 


it is very important to control the amount of grain-seed mixture given so that the 
tpiail are forced to eat the mash freely. The egg-producing ingredients are con¬ 
tained in the mash and if the birds arc given all the grain they want they will eat 
little, if any, mash, and the result will be poor egg production. In the winter, 
especially during the severe weather, it is well to feed more grain-seed mixture 
than mash, but at no other time is it advisable to do so. However, as already 
emphasized, keep the mash before the birds at all times, for all ages; from the 
very first feeding. Of course, they are fed in trays (never on the ground) which 
are cleaned often. 


Consistency of Mash 

Some breeders may inquire: Is it best to feed mash wet or diy. as 
fine or coarse meal, or as pellets? 

The practice of feeding wet or moist mash is rapidly becoming 
obsolete. It requires extra time and labor and is messy, unsanitary, 
and unnecessary. Unless fresh batches only are kept before the birds 
an(i the receptacles are cleaned thorougldy every day, there is great 
danger of the birds eating sour, contaminated feed that will be very 
injurious. 

.Many breedere use a finely ground meal so that each mouthful of 
feed will theoretically contain all the ingredients of a balanced diet 
and the birds will not be able to pick out the more favored ingredients. 
Although undoubtedly these ends are achieved more or less by use of a 
powdery feed, certain disadvantages must be considered. Birds, both 
game and domestic, prefer discernible particles. Even with newly 
hatched game chicks, Handley (Stoddard (1105)) points out that 
feeds— 
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which contain some such ingredient as small flakes of wheat bran, are eaten by 
baby quail in greater quantity than are plain foods, apparently because of the 
presence of objects that readily catch the eye. 

Powdery feed irritates the birds’ nostrils, often caking there, and 
consequently may lead to nose picking and cannibalism by other birds. 

Feed pellets have become popular because they eliminate the bad 
features of both powdery and coarsely ground feed. Feed manufac¬ 
turers are putting both mash and pellets on the market. No study is 
known to have been made on these two types of feed for game birds, 
however. Work has been done with domestic fowls, but the results 
are not conclusive. One interesting study conducted by the workers 
at Pullman, Wash. (TP.^), showed that domestic turkey poults from 2 to 
10 days old found the pelleted feed more attractive and palatable than 
mash. However, no significant difference was noted at 28 weeks in the 
body weights of either the hens or toms fed mash, mash and pellets, or 
pellets supplemented with scratch grain and green feed. Likewise, 
the lots fed mash, mash and pellets, and pellets alone ate practically 
the same quantities of feed (luring the 28 weeks. The lots of turkeys 
fed on pellets and scratch grain brought slightly higher returns over 
feed costs than those fed by the other methods. The amount and cost 
of feed per pound of gain were both slightly less ii\ the lots fed pellets 
and scratch grain. 

“Cafeteria” Feeding 

The value of “cafeteria” or free-choice feeding of pheasants was 
studied by Callenbach and Hiller of Pennsylvania State College (185). 
The results indicate that this method does not give satisfactory results 
as measured by growth, feather development, or livability. Also it is 
necessary to supply somewhat more feeding space per bird than for 
ordinary grain and mash feed. 



PASTURE AND RANGE 
IN LIVESTOCK FEEDING 


by P. V. Cardon, W. R. Chapllne, T. E. Woodward, E. W. McComas, and C. R. Enlow > 


THREE classes of feed available for livestock—pasture and range forage, 
harvested forage, and inis<;elianeous feeds—are discussed in the following 
three articles. This one deals with pasture and range, telling about 
kinds of pasture, grazing methods, pasture management, the relationship 
between pasture and other feeds, range forage, the maintenance of 
production on the range, and some of the research on soils and fertilizers 
as related to pastures. 


Primitive man, dependent as he was on game for his food, must 
have recognized the “universal beneficence of gi*ass.” It is easy to 
imagine that he came to associate the differences in the forage upon 
which his quany grazed with the differences in the quality of his meat. 

With the domestication of cattle, sheep, and hoi-ses, the provision 
of suitable giming for his animals became one of man’s chief respon¬ 
sibilities. History is replete with tales of combat in which neighbors, 
tribes, and nations contended for grass for their flocks and herds. 
Recent range wai-s in our West are modern versions of man’s age-long 
struggle for grass. 

In the United States today that struggle has entered a different 
phase—in some respects a iiew’ phase. With no virgin grasslands 
beyond the horizon, the eyes of the grazier are turned back upon the 
grass within his own fence lines or upon controlled public ranges. 
His hope lies now in grass restoration and maintenance and in pro¬ 
viding not only more but better grass—better in a nutritional sense. 
For even within the last decade developments in the field of nutrition 
have shown that the nutritive properties of green plants are not only 
beneficial but essential to health, growth, and reproduction in livestock. 

The factors controlling the nutritional values of green forage are 


' P. V. Cardon is Assistant Chief, formerly Principal A^nomist in charge of the Division of Forage 
Crops and Diseases, Bureau of Plant Industry; W. R. Chapllne is Principal Insi>ector of qrating. in charge. 
Division of Range Research, Forest Service; T. E. Woodward is Senior Dairy Husbandman, Division of 
Dairy Cattle Breeding. Feeding, and Management, Bureau of Dairy Industry; E. W. McComas Ls Animal 
Husbandman, Bureau of Animal Industry; and C. R. Enlow is Principal Agronomist, in charge, Agronomy 
Division, Soil Conservation Service. 
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Figiirt' 1 .—Major grazing regions of llie L iiileci Slalen. 


as complex as they are numerous, and present knowledjje of them is 
admittedly limited, as will become plain in the following pages; but 
enough is known to point the way to bettor grass and its more effective 
use. As we move in that direction, new facts and greater knowledge 
will develop to guide further progress. 

GRAZING REGIONS AND PRINCIPAL PLANT SPECIES 

Approximately 60 percent of the total land area of the United 
States is grazed at least part of the year {1167). The ty|)<‘ of grazing 
land, as well as its carrying capacity and seasonal use. varies according 
to topography, soil, and climate, all of which govern the number and 
kind of species constituting the forage. Regional differences with 
respect to those factors characterize large geographic areas such as 
the Great Plains. The approximate boundaries of the major grazing 
regions of the United States are shown in figure 1. T'his map is 
supplemented by table 1, which lists the more abundant pasture 
species in each region. Many more species are recognized as being 
of importance, but it is not practicable in this article to present a 
complete list. 

WHY PASTURE AND RANGE ARE TREATED SEPARATELY 

There is a distinction, though not a basic difference, between farm 
lastures and the range. Farm pastures as a rule are relatively 
imited grazing areas, usually privately owned, which are units of 
‘arm enterprises, especially in humid or irrigated regions. Ranges. 
Oft the other hand, are relatively lai^e grazing areas, either privately 
(Ht^^ublicly owned or controlled, located on nonfarming land, mostly 
in Hie semiarid and forested parts of the United States. 

Unharvested herbage includes all feed gathered directly by animals. 
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Table I, —Most abundant grasses and leaumes comprising the foraj^ in each of the genlrally recognized grazing regions 

of the United States as shown in figure 1—Continued 
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The same physical and biological factors influence, though perhaps 
in varying degrees, the nutritional value of plants whether they are in 
farm pastures or on the range. Pasturage consists principally of 
mixtures of tame grasses and legumes. Range forage usually consists 
of a mixture of herbaceous species, mainly native grasses and legumes, 
but often includes an admixture of sedges, rushes, and other grasslike 
plants, of weeds—the forbs of the scientist—and sometimes of woody 

K lants as well. The forage gathered from shrubs or trees is called 
rowse. Nuts that have fallen from trees and are used as feed are 
called mast. Mast and browse are important chiefly on ranges. In 
some areas and in certain seasons weeds constitute an important part 
of pasturage. Occasionally the weed of today may be classed as an 
important forage plant tomorrow. 

The major differences, then, between pastures and the range per¬ 
tain to geographic distribution, size of units, kind of vegetation, and 
use. Future management usually aims at maintaining maximum 
production of young palatable growth, while tliis is not ordinarily 
possible on range lands, where drier conditions limit regrowth of 
plants after grazing. These differences are considered of sufficient 
importance to justify in this article a sc^parate section on the range to 
meet the special interests of range users. 

FARM PASTURES 

ECONOMIC IMPORTANCE AND MAJOR USES 

No accurate estimate can be made of the proportion of the total 
feed supply of the United States that is derived from pastures. 
Roughly, liowevor, it would appear that pastures provide about 
one-third of the nutrients used by dairy cattle, while beef cattle and 
sheep probably obtain half of their feed from pastures and livestock 
on the range considerably more than half from range forage. 

Semple and others {1027) ■ cite the results of cost studies made by 
the (Tnited States Department of Agriculture to show that pasturage 
furnished nearly one-third of the total sustenance of cows in market 
milk production while constituting only one-seventh of the total feed 
cost. They show also that on 478 Corn Belt farms producing beef 
calves— 

the brooding cows obtained practically their entire living from pasture for 200 
days and from roughage and concentrates for 166 days. The pastures which were 
furnishing a little more than half of the total sustenance were credited with only 
one-third of the feed bill. 

Misner {794) has shown that in New York the total cost of milk pro¬ 
duction on pasture was 9.7 cents per cow per day, with returns of 
34 cents. The cost of winter feed, on the other hand, was 38 cents 
per cow per day, with the same returns as on pasture.* 

Italic numbers In parentheses refer to Literature Cited, p. 1076. . ^ ^ 

* The practical Importance of information as to the nutritive value of pasturage in terms of other feed 
crops ana the relative cost of the nutrients derived from pasturage and from other crops is so great as to com¬ 
mand the interest of various scientific groups in the United States and Canada, such as the American 
Society of Animal Production, the American Dairy Science Association, the American Society of Agronomy, 
and the Canadian Committee on Pasture and Hay Production. These four groups are considering 
joint effort designed to assemble and evaluate available data to servo as a guide to f^ere in planing feed 
production. In the meantime certain European countries, especially the Scandinavian and Oermanic 
countries, have assembled data of this type on the feed crops of those countries that are widely used there.* 

* PiBTBRS, A. J. A DIGEST OF SOME WORLD PASTURE RESEARCH LITERATURE. U. 8. Dopt. AgT., Div. 

Forage Crops and Diseases, Bur. Plant Indus. 1987. [Mimeographed.] 

141394-00 
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The economy of pastures in livestock farming: has been shown by 
similar results of cost studies in several other States. It should be 
remembered in this connection that even gp’eater returns might be 
expected on improved pastures under good management, although 
adequate cost data on this point are not available. Various studies in 
Europe and some in this country indicate notable increases in forage 
yields and animal products on pastures following good management, 
including the use of improved pasture species, the proper use of fer¬ 
tilizers, or suitable grazing practices. Thew and other studies indicate 
also that through good management the pasture season may be ex¬ 
tended and made to produce more satisfactory seasonlong returns. 

Pastures may serve as the total source of feed or, more often, as the 
principal seasonal source for different classes of livestock. They can 
be depended on for the total feed requirement only in limited areas 
where yearlong or continuous grazing is possible. In moat rerions of 
the United States it is possible to graze only during limited periods, so 
that pasturage does not provide as much of the total annual feed re- 
(luirements as hay, silage, and concentrates combined, although it 
usually provides the major portion of feed for the time it is used. 

In the United States pastures are grazed chiefly by cattle, sheep, 
and horses, and also to some extent by hogs, especially alfalfa pastures. 
In some areas, the use of pastures by poultry is becoming more com¬ 
mon. In this country there is less tendency to graze cattle and sheep 
on the same pasture than in some other countnes—;in Great Britain, 
for instance, mixed grazing is commonly practiced in the belief that 
the herbage is thus more completely utilized. In certain sections of 
the United States, however, mi.\ed grazing is practiced regularly, as 
on the Edwards Plateau of Texas, where cattle, sheep, and goats use 
Ihe same pastures. k,hos OF P.SI»«ES 


Pastures may be cla.ssified {926, 1027) as permanent, temporary, 
and supplemental, according to the length of time they are to be used; 
or on the basis of the plants that make up the pasturage, as tame ami 
wild, although the latter are now commonly classified as range. 

Permanent pastures in the United States are found most commonly 
on land that cannot be used profitably for the culture of field or horti¬ 
cultural crops. They occur on hill lands, in marshes, and in the 
woods and forests. The western ranges, also, may be regardeil as 
permanent pastures. The conimon characteristic of permanent 
pastures is that they are seldom if ever broken by cultivation, except 
as their surfaces may be disturbed by renovation practices. 

Temporary pastures are of diverse character, but include all crop 
fields used as p^tures for a short period. Fallow land is sometimes 
pastured to utilize and control weed growth. Fields of seedling-grain 
crops, as oats, barley, and wheat, are often pastured in the fall or 
spring without darning the stand or reducing the ultimate yield of 
grain. Stubblefields likewise are pastured, as are meadows after 
the hay crop is removed. Again, such crops as cowpeas, velvetbeans, 
soybeans, rape, and peanuts may serve as temporary pastures at some 
time during their growth periods. 

Supplemental pastures include those which are seeded to some crop 
such as Sudan grass or lespedeza, for the purpose of providing pas- 
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milk flow at a high level throughout the 
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Figure 3.—Srheiiiatk* represen la lit >ii of combined use of j^)ernianeiil, teiii|K>rary, and 
su]p]>]einenlal pastures designed lo provide adequate pasitirage throughout the season. 
Originally planned for Iowa, I his scheme could he used as a guide in other Stales, 
substituting temporary and supplemental pasture crops adapted to the locality. 
(Adapted from Iowa State College Extension Circular DH 46.) The rectangles black 
show the periods when the pastures are utilized. 


turage to supplement permanent pastures during the sea^n when the 
latter are relatively unproductive, a condition characteristic of Ken¬ 
tucky bluegrass pastures in midsummer (fig. 2). 

Tame pastures may include any of the foregoing types when com¬ 
posed pnncipally of domesticated grasses, as Kentucky bluegrass, 
redtop, timothy, orchard grass, and Bermuda grass, alone or in mix¬ 
tures with white clover or other legumes. 

By a combined use of permanent, temporary, and supplemental 
farm pastures, farmers are able ordinarily to provide adequate season- 
long pasturage (fig. 3). Such a plan is generally less feasible in 
range country, but to some extent the same end often is accomplished 
by moving the livestock from one range to another, as from spring- 
fall, to summer, and thence to winter range. 

In pasture experiments conducted in Missouri {387) it was found 
that beef cattle on peimanent bluegi'ass pasture made almost 60 
percent of their total gains in weight during the first 60 days; about 
two-thirds of the total season's gains were made from the first one- 
third of the full pasture season. By supplementing permanent 
pasture with Korean lespedeza, the carrying capacity and nutritive 
value of the pasture herbage has been increased. The Korean 
lespedeza furnished grazing from late June until late ^ptember, 
when permanent bluegrass pastures are practically dormant. 

eilAZINQ METHODS 

Grazing may be seasonlong or, in some favorable areas, yearlong. 
X|ther seasonlong or yearlong grazing may be continuous, or it may 
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be intermittent wth no attempt at regularity. Again, a pasture 
or range may be divided into two parts which are grazed alternately; 
this is called alternate grazing. When a pasture or range is divided 
in such a way as to rotate the use of the various segments in regular 
order, grazing is referred to as rotation mazing. Deferred grazing— 
keeping the animals off the pasture until after the grasses, including 
the seed crop, are niature—is sometimes practiced to insure natural 
r^eeding or to stimulate vegetative reproduction. In actual prac¬ 
tice, especially on the range, deferred and rotational grazing are fre¬ 
quently combined. 

In the practice of any of the foregoing methods, the pasture may be 
adversely affected by premature grazing, that is, grazing too early 
in the season, before the ground is firm or the grasses have made 
sufficient growth; or by overgrazing, which results in the loss of vigor 
of desirable vegetation and creates a condition favorable to replace¬ 
ment of such vegetation by weeds and other less desirable plants. 
The herbage available determines the carrying or grazing capacity of 
an area, that is, the ratio of animals to the unit of area that will furnish 
ample sustenance, as one cow to 2 acres, three sheep to 1 acre, one 
steer to 20 acres, and so on. 

Overgrazing, or gi-azing beyond carrying capacity, ordinarily is 
inadvisable. The serious consequences of overgrazing have Been 
emphasized, during recent years, in many publications pertaining to 
soil conservation, erosion control, and range improvement. It has 
received less emphasis in literature pertaining to farm-pasture man¬ 
agement, although overgrazing is as much to be avoided on farm 
pastures as upon the range. It weakens desirable species, thereby 
making way for less desirable species, including weeds. 

Grazing short of carrying capacity may also be inadvisable under 
some conditions, especially where the grass tends to “get away,” 
and become with maturity relatively less palatable, digestible, and 
nutritious. If, under such conditions, the grass could be clipped 
and ensiled, as is commonly done in some countries and to an increasing 
e.xtent in this country, much good feed might be saved and the pasture 
left uninjured. 

In an experiment on methods and rates of grazing at Beltsville, 
Md. {602), it was found that the crude protein in the herbage under 
continuous light grazing averaged 13.04 percent as compared with 14.56 
under continuous heavy grazing and 13.40 under alternate heavy 
grazing. The calcium and phosphorus contents were 0.59 and 0.30 
percent, respectively, under continuous light grazing, 0.75 and 0.32 
under continuous heavy grazing, and 0.60 and 0.34 under alternate 
heavy grazing. 

TKe Washington Agricultural Experiment Station {520) reports 
tha<^ rotation grazing did not improve the quality of herbage as meas¬ 
ured by chemical composition when conipared with the herbage 
obtained from continuous grazing, but it did increase the yield. 

It would appear from these experiments that the relative advan¬ 
tages in rotatmn and continuous grazing are dependent upon differences 
in local soil, climate, and management factors. 

A 6-year experiment conducted at Beltsville, Md. {1270), m which 
permanent pastures were grazed by dairy cattle in a six-field rotation 
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and pontimioiisly, showed a 10.4-percent greater yield under rotation 
grazirif;:- 

NUTRITIVE VALUES OF PASTURAGE 

Besides providing cheap succulent feed, pasturage is of great impor¬ 
tance as a source of proteins, niinerals, and vitamins (Jf0;?7). The imma¬ 
ture plants are much richer in protein than the same plants at a later 
stage of growth. The young plants are also softer and more tender, 
and the dry matter, being less fibrous, is more easily di^jestible. Most 
if not all of the minerals of importance in animal nutrition may occur 
in pasture herbage, although, as will be shown, this depends m large 
measure on differences in the soil environment and the inherent ability 
of species of plants to e.xtract nutrients from the soil. 

Influence of Physical Factors 

Rainfall is probably the greatest single factor influencing the yield 
and nutritive value of grasses. Most species are more palatable, 
digestible, and nutritious under favorable moisture conditions than 
when the moisture supplv is inadequate. Many of the grasses of the 
dry Great Plains region, however, have in their physiological make-up 
the ability to retain their palatability and nutritive value at mature 
stages of prowth when their moisture content is low. 

In addition to moisture, temperature plays an important part in 
influencing the nutritive value of many perennial pasture grasses. 
As the temperature increases during the summer months, production 
decreases and the ratio of stem to leaf increases, ivnith an increase in 
crude fiber and a decrease in crude protein. High temperature reduces 
the quality of adapted varieties of pasture herbage to the greatest 
extent in the north humid regions. Grasses grown in the South are 
adapted to and withstand high temperatures. Bermuda grass. Dallis 
grass, Bahia grass, molasses grass, and other southern species all 
require high temperatures for their most rapid growth, but at the 
same time they must have ample moisture and fertile soil. Buffalo 
grass, crested wheatgrass, and grama grass, all adapted to regions of 
limited rainfall such as the Great Plains, make ample growth with 
limited moisture and at reasonably high temperatures. 

Influence of Management Practices 

Among the various faetors influencing the nutritional value of 
herbage, the management faetor is of primary interest to the grazier, 
because it is one that he can control. Through intelligent management 
he is able to derive from his pastures the maximum returns possible 
under the environmental conditions governing his operations. 

Pasture management involves among other things (1) choice of 
species, (2) use of fertilizers, and (3) grazing practices employed. 

Choice oj Species 

Species are chosen to provide a desired mixture of grasses and 
legumes. Because of differences in habits of growth and seasonal 
response to environmental influences, several graces are more likely 
to insure grazing over a longer season than wdll any single grass. 
Through the proper selection of grass species it may be posmble to 
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have one or more of them growing throughout the grazing season. 
Legumes in the mixture are important in that they increase the yield 
of the herbage and in the more mature stage add to its nutritive value 
by increasing the protein content. Because of their ability to supply 
to the soil nitrogen e.xtracted from the air through their root nodules, 
legumes also stimulate the growth of the associated grasses and increase 
their protein content. 

Jolmstone-Wallace (690) reports that the protein content of Kentucky 
bluegrass gi’own alone averaged 18 percent'while that of the same gi’ass 
gi’own in association with wliite clover averaged 25 percent—an in¬ 
crease of more than one-third. Timothy grown alone averaged 24 
percent, but with white clover 30; orchard grass averaged 23.5 percent 
alone, but 29.3 with clover. 

Choice of species is also important with respect to palatability—a 
term commonly used but little understood. Graziers know that 
domestic animals display marked preference for certain pasture plants, 
whereas they avoid others except when forceil by hunger to eat them. 
Moreover, they prefer a given species when at a particular stage of 
growth, as shown byStapledon (i0ii5)and by Forsling and Storm on a 
Utah range {37S). The same discrimination has been observed among 
rodents and insects. Whether or not animals smell or taste a difference 
in pasture plants and to what that »lifference may be ascribed are 
points that remain to be determined. Yet palatability cannot be 
ignored in pasture management. W’hatever it is, it influences the 
grazing value of any pasture. It is important, therefore, to choose 
species that are palatable and to graze them when they are most 
palatable, that is, in early immaturity. Bromegrass, Kentucky 
bluegrass, and timothy are generally regarded as fiighly palatable, 
whereas such grasses as redtop, bentgrass, and many natives species 
are relatively low' in palatability, at least in certain stages of growth. 
Less palatable grasses may often be used advantageously, however, if 
their growth habits are such as to provide herbage in seasons when more 
palatable species are donnant. The relationship between palatabil¬ 
ity and nutritive value is not clear, but it is generally conceded that 
palatable species are more nutritious than unpalatable species, possibly 
because of the greater quantity consumed or some related qualitative 
factor. 

Use oj Fertilisers 

Because different species of pasture plants respond differently to 
various nutrients in the soil and because their use of nutrients influen¬ 
ces their composition, it is plain that the application of fertilizers 
should be governed by plant requirements as well as by soil analysis. 
In other words, although soil analysis may reveal certain deficiencies 
which may be corrected tlirough the use of fertilizers, experiments 
indicate that these fertilizers should be applied with a view to satis¬ 
fying the requirements of the different grasses and legumes in tlie 
pasture mixture if the greatest benefits from fertilizer use are to be 
realized. 

This, however, would require knowledge not yet sufficiently devel¬ 
oped to w^ant definite recommendations. Lacking specific knowl¬ 
edge on this subject^ the farmer can proceed only in the light of more 
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Figure 5 .—Beef cattle gains are made at less expense on bigli-qiialil\ pasture than by drj-lot feeding. 
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general information. It is known, for instance, that grasses usually 
respond better than legumes to nitrogen, whereas legumes are more 
responsive than grasses to phosphorus and potash. Nitrogen not 
onlv stimulates grass but increases its protein content. The stimulus 
to legume growth afforded by applications of lime, phosphorus, and 
potash, where deficient, also increases the protein content of the herb¬ 
age. Overstimulation of legumes, on the other hand, may be detri¬ 
mental to the associated grasses. In applying nitrogen it is imi)ortant 
also to avoid excessive stimtilation oi'^ass growth, since this may 
prove injurious to legumes growing in the mixture. The objective 
should be to keep both grasses and legumes in the, herbage. It is 
advisable in this connection to consult the county agricultural agent, 
who usually has access to information from the State agricultural 
experiment station or the United States Department of Agriculture 
relative to the various soil types in the county and their fertilizer 
requirements. If such information is not available the county agent 
inav be able to make arrangements for obtaining it. 

Robinson and Pierre (975) emphasize the importance of considering 
the costs of pasture fertilization and liming as a long-time investment: 

Although the initial cost of improving a depleted pasture may range from So 
to $10 an acre, it should be remembered that once a good sod is reestablished, 
the cost of maintaining such a sod will be relatively low. 

This statement is supported by data showing the residual effects 
of lime and superphosphate treatments on yield and composition of 
the herbage. 

A more technical discussion of the results of research on the effecta 
of soil and fertilizers on pasture herbage will be found at the end of 
this article. 

Grazing Practices 

Grazing practices also influence the botanical composition of pas¬ 
tures and hence the nutritive value of the herbage. Since pasture 
species differ in palatability, some are more readily grazed than 
others, which tends to jeopardize the more palatable and to protect 
the less palatable species. Likewise, some species are naturally more 
persistent than others, ^ that even though equally palatable the more 
persistent tend to survive while the less persistent tend to disaj)])ear 
under grazing. A^ain, species differ in their ability to recover after 
grazing, sorne requuing more time than others. The time and inten¬ 
sity of grazing with respect to the stage of growth also affects pei- 
sistency, especially that of species dependent upon natural reseeding 
for reproduction. If these are grazed in a manner to prevent seed 
formation they do not survive. 

McCarty’s studies with mountain brome (71S) show that early 
spring growth is made at the expense of carbohydrates stored in the 
roots and stem bases during the previous autumn, but that subsequent 
normal growth and yield are independent of stored carbohydrates, 
being the products of current carbohydrate manufacture by the plant. 
Exoaasive early grazing, therefore, tends to deplete stored reserves of 
carbohydrates and to reduce the vigor of the plants. These findings 
further indicate the advisability of moderate grazing designed to 
leave enough herbage after each grazing period *‘to permit sufficient 
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manufacture and storap:e of carbohydrates to maintain the life and 
pr^er vigor of the plants.” 

Time of grazing with respect to the stage of maturity of the herbage 
is of the utmost importance. Young, succulent herbage is richer in 
protein than mature plants of the same species, contains more calcium 
and phosphorus, and is higher in vitamins, and the dry matter is 
more digestible. 

In Soiith Carolina {S22) it was found that, as indicated by chemical 
composition, rapidlv growing plants produce greater yields and have 
superior feeding value; also that the feeding value of pasture herbage 
is tower during the latter part of the growing season because of changes 
in chemical composition. 

Mortimer and Ahlgren (822) report that Kentucky bluegrass cut to 
8 to 10 inches high was lower in phosphorus and "calcium than the 
same grass cut to 4 to 5 inches. 

In studies conducted in North Dakota ( 64 I) with many grasses both 
introduced and native, it was found that in general i)rotein and ash 
(mineral content) decreased and carbohydrates iricreased as plants 
approached maturity. 

Use of Hay and Concentrates to Supplement Pasturage 

Dairy Cattle 

Studies made of seasonal milk production in 12 States show that 
the most favorable time for the production of milk is in the spring 
when the pasture grass is at its best. They show also that after the 
flush of the pasture season, which lasts for only a month or so. the 
production declines rapidly. The first growth in the spring is tender, 
palatable, and abundant. Cows will eat as much as 150 pounds a 
(lay. If no deduction is made for the energy used in grazing, this 
amount is enough to support a production of 40 pounds of milk with 
an average percentage 01 butterfat. The grass soon becomes either 
tougher, less palatable, and more fibrous, or it becomes more scarce. 
The result is that cows do not eat as much as they did earlier in the 
season. This fact is advanced as the principal explanation of the 
rapid decline in production during the summer. 

Aside from common salt, which is needed with all rations, young 
pasturage grown on a fertile soil provides a perfect ration for cows 
producing a medium or small quantity of milk (fig. 4). The content 
of protein, vitamins, and minerals is ample both in kind and quantity. 
Some dairy cows, however, have been developed to a state of produc¬ 
tivity where they cannot obtain enough of the energy-producing con¬ 
stituents from pasturage alone to maintain their weight and at the 
same time produce the quantities of milk of which they are capable. 
Such cows should have supplementary feed. In the spring when the 
grass is eaten in lai^e quantities and the cows maintain a good fill of 
forage, the supplementary feed should be concentrates and should be 
given to all cows producing more than, say, 25 or 30 pounds of average¬ 
testing milk. , - „ . t 1 

As the pasturage becomes shorter or tougher following the early 
flush growth, the decrease in forage consumed in the form of pasturage 
should be made up with hay or silage or both. Even if cows are 
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Figure 6.—Goud leiii|Hirary patiliirc‘8 Ui 8ii|i|>leiiiriil |N*riiiaiictil {labliircs in iiiidscasoii wiii carry sheep satisfactorily 

without the use of coiiceutrates. 
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allowed all the hay and silage they will eat in addition to pasturage, 
the intake of nutrients will hardly equal the intake when they have 
access to flush pasturage. This means that while concentrates may 
be required for only that production over and above 25 or 30 pounds 
in the early part of the pasture season, they will be required for all 
production over and above a smaller cjuantity later in the season, 
even if the pasturage is supplemented with hay or silage, or both. 

The intake of protein is usually less in the summer and fall than in 
the spring, because the herbage is either more mature or less abund¬ 
ant. In the spring any of the farm-grown cereal grains will be satis¬ 
factory to use as supplements because the need is for enei^y-producing 
feeds. La ter _ in the season the protein content of the concentrate 
feed must be increased unless the protein needs are met by the gener¬ 
ous feeding of legume hay. 

Vitamins A and D are the only ones in the cow’s ration the defi¬ 
ciencies of wluch have been shown to be serious enough at times to 
affect health. All fresh green pasture herbage has a high content of 
carotene from which vitamin A is formed in the animal body. No 
other common feed is equal to pasture herbage in content of carotene, 
and no other will increase the carotene content—as indicated by 
yellow color—or the vitamin A content of the butterfat to as great 
an e.xtent as pasture herbage. Fresh, green pasture herbage is devoid 
of vitamin D, but this vitamin is synthesized within the body wiien 
the animal is exposed to direct sunlight. Because grazing cattle are 
usually in the sun, vitamin D need not be considered in estimating 
the adequacy of rations being fed to cow's on pasture. 

Pasturage is valuable for young dairy stock of all ages, but until the 
calves are about I year of age it should not constitute the sole ration, 
else the development of the calves will bo arrested. The younger the 
calf the greater the need of supplementary feed. Probably for about 
the first 3 months of their lives calves should be fed about the same 


kind and quantity of feed wiiether or not pasturage is available. 
After this a| 2 :e the calf eats progressively larger quantities of grass and 
the proportion of supplementary feed can be correspondingly reduced 
until the calf is about 1 year old, when the supplementary feed may 
be discontinued. However, if quick maturity is desired a large-sizeH 
sujiplementary feeding should be continued. The supplementary 
feed of calves under 1 year on pasture should be both hay and grain, 
but of those over 1 year it need be only grain. If for any reason the 
pasturage becomes short or otherwise inadequate to keep the calves in 
a thrifty growing condition the supplementary feed should, of course, 


be increased. 


Beef Cattle 


It is generally agreed that beef cattle make gains at le^ expense on 
high-quality pasture than by lot feeding, yet much more time is usually 
required to get cattle fat enough for market by the use of pasture 
only (fig. 5). The success of a combination of pasturage with one or 
more concentrates has been demonstrated in the Corn Belt by Black 
and Trowbridge {117, 118) in fattening calves prior to weaning. 
That this practice, involving what is known as creep feeding—the 
use of a feeding device in the field—is good economy m parts of 
the Appftlftchian region is indicated by McConias and Wilson \7Z6)» 
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Black aiul Wilson found that it is possible to speed up the rate 
of finishing 3-vear-old steel's by feeding a mixture of corn and cotton¬ 
seed meal while on good bluegrass pasture. Feeding a supplement in- 
creaseil the steer gains 37 percent over gains from pasture alone. 
Subsequent work at the same station has shown that it is possible to 
put a marketable finish on 2-year-old steers by supplementing their 
pasturage with -a mixture of protein and carbohydrate concentrates. 
Moreover, steers fed a grain supplement during the last 84 of their 
140 days on pasture were more profitable than those fed a supplement 
the entire time. 

In order to get yearlings ready for slaughter in,midsummer by 
feeding them a grain supplement on pasture, it is usually neces¬ 
sary to winter them on a ration somewhat higher than that on which 
older steers are wintered and considerably higher than that yearlings 
ordinarily receive. 

Hogs, Sheep, and Horses 

In swine production it frequently is ailvisable to Supplement pas¬ 
ture with certain concentrates, although pasture is an important 
source of vitamin A and furnishes considerable protein and varying 
amounts of other nutrients. For example, if the pasture is composed 
largely of legumes, less calciuin supplement will be needed. ^ Robinson 
(577) and others have determined that swine are not only likely to be 
more thrifty, but also may be fattened more rapidly and more eco¬ 
nomically by feeding them supplements of carbohydrate and protein 
concentrates and a mineral mixture containing calcium and phos¬ 
phorus on pasture, than when they are fattened in a dry lot. 

For fattening lambs, average-quality pastxire will give better residts 
when supplemented. Harper (475) at the Indiana Agricultural Ex¬ 
periment Station reported that it did not pay to supplement good 
temporary pasture used in fattening lambs (fig. 6), but that permanent 
pasture alone gave less favorable results. It appears from subse¬ 
quent research by Harper (475) that using good-quality temporary 
pasture as a supplement to permanent pasture m midsummer is 
probably a more profitable practice than feeding a supplement of 
concentrates to lambs on permanent pasture. 

Permanent pastures and most kinds of temporary pasture when 
not overgrazed are important factors in keeping horses healthy and 
maintenance costs at a minimum. Such pastures do not, as a rule, 
need to be supplemented with hay or grain in order to nourish idle 
mares and young stock adequately. In the Corn Belt, work horses 
are pastured about 6 months of each year, but much of this time they 
are turned out only at night and on Sundays and holidays or during 
other short periods of idleness. Under these practices, pasture may 
be considered a supplement to the work-horse ration (fig. 7). In the 
Cotton Belt, pasture is used to a relatively small extent for work 
stock. In the Mississippi Delta, for example, it is reported that a 
mule is pastured an average of only about 34 days a year. 

Use of Pasturage to Supplomont Hay and Concontratos 

Pasturage is not extensively used as a supplement to other fee<l. 
Usually wnen animals are on pasture the feed obtained there con.sti- 
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tutes the lai^er share of the total ration and for that reason the other 
feeds are considered supplementary rather than the pasturage. 

In those sections of the country where the winter weather is not too 
severe, some of the clovera, grasses, and cereal grains may be seeded 
in the fall for winter pasturage. The amount of grazing provided by 
such crops is often limited and the continuity of grazing is often inter¬ 
rupted by inclement weather or soft grouncl. Winter pasturage can¬ 
not be depended on to provide any certain amount of grazing every 
year, although sometimes after crop failures pastures of winter cereals 
have been used to especially good advantage. 

A few dairymen make a practice of feeding their herds on harvested 
forage and m-ain the entire year with very little pasturage. The pas¬ 
tures in sudi cases are regarded as convenient places to put their dry 
cows and young stock in order to lessen the labor of caring for the 
stock, although the pasturage, because of its content of vitamins, 
minerals, and protein, makes an especially good feed for both the 
young stock and the dry cows. The milking cows, tpo, are benefited 
by even small quantities of pasturage, particularly if the roughage fed 
in the bam is of poor quality. 

THE RANGE 

EXTENT AND SIGNIFICANCE OF THE WESTERN RANGE 

The western range, pivotal in the economic and social structure of 
the far West, is a vast area covering 728,000,000 acres of forested and 
nonfcrested land mostly west of the one hundredth meridian (fig. 8)., 
Because of its meager precipitation, rough topography, and other 
adverse conditions, most of the range is suitable only for grazing. The 
importance of this area in animal nutrition is enormous—it furnishes 
cheap feed, costing one-fifth to one-tenth as much as hay or supple¬ 
ments, to appro.vimately 11,000,000 cattle and horses and 27,000,000 
sheep and goats for the equivalent of yearlong grazing. The range 
territory produces 75 percent of the Nation’s output of wool and 
mohair, 55 percent in pounds of live weight of the sheep and lambs, 
and nearly 33 percent of the cattle and calves (1168). 

This vast area is not under single ownership but includes private 
as well as Federal, State, and county lands. In fact, certain areas 
show a bewildering complex of ownership, which greatly complicates 
the problem of use and management. A considerable acreage of 
pubhc land is gi'azed part of the year by farmers and ranchers whose 
personally owned lands do not supply a sufficient amount of forage 
for the hvestock they possess. It is extremely importent that the 
range be maintained m such manner as to assure a continuous supply 
of forage. If it is improperly used, the direct result is not only un¬ 
stable livestock production, but far-reaching adverse effects upon 
watersheds, irrigation, wildlife, recreation, and other resource values. 

Range livestock production is today definitely a part of western 
agriculture in which range use is integrated with crop farming. It is 
estimated that 36 percent of the feed consumed by western range live¬ 
stock is supplemental feed raised on croplands or irri|'ated pastures. 

In parts of the South also, forest ranges are an indispensable part 
of the agricultural set-up. 



PASTURE AND RANGE 
MAJOR USES OF THE RANGE 


945 


Cattle and sheep and, to a less extent, goats and horses are the 
principal kinds of livestock grazed on the western range. Elk, deer, 
and other wild species are dependent upon range forage and occasion¬ 
ally are overabundant on. the range. Although cattle and sheep may 
be grazed on the same range unit, cattle prefer range predominantly 
grass, on not too steep a slope, and where there is daily access to 
water. Sheep feed on mixed grasses, weeds, and browse and are 
able to graze fairly steep and high ranges with infrequent water¬ 
ing places. Goats do well on good range lands, but are able to 
use forage on rough, brushy areas. Forage requirements of elk 
and deer are much the same as those of cattle and sheep, with 
preference for weeds and browse. An abundance of succulent forage 
in the spring is particularly important to give lambs, kids, and calves 
a proper start. 

Many western range lands are used seasonally in order to obtain 
maximum value from the forage. Where the winter climate is mild 
and the grasses cure well on the stalk, thus providing nutritious dry 
forage, the range may be grazed yearlong, as in parts of the Great 
Plains. Other areas where grasses cure well, or where there is palat¬ 
able browse, are used only in winter. Many foothill and high plateau 
ranges where growth starts rather early are used for spring grazing. 
Often livestock are brought back onto these spring ranges in the fall. 
The tender, green, luscious growth on the cooler, moister, higher 
mountain ranges is in great demand for summer grazing. On these, 
lambs and steers fatten readily. Herds are frequently driven long 
distixnces between summer and winter ranges—often 50 to 150 miles, 
and in extreme cases as far as 300 miles. 



Figure 8 .—^'fhe western ranee occupies roughly three-fourths of the land area west of 
the irregular lute extending the length of the Great Plains. 
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FORAGE PRODUCED ON THE RANGE 

Range Types and Species 

As forage for grazing animals, the range offers only the natural wild 
vegetation. Some reseeding has been attempted, but on an acreage 
insignificant in comparison with the range as a whole. Owing to 
major diflFerences in the soil, temperature, and rainfall, the vegetation 
naturally falls into 10 readily recognizable types, listed in table 2. 
Some of the more important forage species that characterize each are 
also given. The most extensive area (198,092,000 acres) is occupied 
by the short-grass plains, which rather abruptly succeed the tail-grass 
prairies, toward the west, in direct response to decreased total annual 
rainfall. To be sure, minor variations in soil and topography within 
any given type cause important local modification of the plant cover— 
for example, the growth of trees along a stream in an otherwise grass¬ 
land area. 

Table 2. —Range types and grazing capacity ' 


Range type 

1 

Some dominant sfiepie? 

Extent 

! 

Average 
per cow 
(5 sheep) 
per 

month 

Tall grass. 

, Slender wheatgrass (Agropyron pauciflorum) . 

, Beardgrasvses, or bluestein (Andropogon spp.). 
Porcupine gras«? (Sfipa spartea). 

.icres 

18,513,000 j 

Acrea 

2.4 

Short grass.^. 

Bluestein wheatgrass {Agropyron smithii) . 

Blue grama {Boutetoua aracilis ). 

Buflalo grass {Buchlot dactyhides). 

Curly me'^qiiite {llUnria bflangeri). 

|19H, 092,000 

j 

4.1 

Pacific bunch grass. 

Bluebunch wheatgrass {Agropyron apicatum) . 

Sandberg bluegrass {Poa secunda). 

California needlegrass {Stipa pulchra). 

Giant wild-rye {Elymua condenaatm). 

i 42,534.000 

4.6 

Semidesert grass. 

Gramas {Bouteloua spp.) .. . 

Mesquite {Proaopia spp.). 

Sacaton {Sporobolua wrigMii). 

! 89,274.000 

6.4 

Sagebrush-grass... 

Bluebunch wheatgrass {Aaropyron apicatum) . 

! Sagebrush {Artemiaia spp.). 

Indian ricegra.ss {Oryzopaia hymenoidea). 
Needlegrasses (Stipa spp.). * 

; 96,528.000 

8.9 

Southern desert shrub.. 

Saltbush {Atriplex spp.) . 

Yucca (Yucca sp{).). 

Various cacti. 

1 26.896.000 

11.5 

Salt-desert shrub. 

Black sagebrush {Artemisia nova) . 

Shadscale {Artriplex confertifolia). 

Winterfat {Eurotia lanata). 

40. H58.000 

17. H 

Piflon-juniper. 

Gramas {Bouteloua spp.)... 

Junipers {Juniperua spp.). 

Muhly grasses {Muhlenbergia spp.). 

Piflion {Pinua edulia). 

75,7*28.000 

8.4 

Woodland chaparral. 

Chamise {Adenoatoma faaciculatum) . 

California oatgrass {Danthonia californica). 

Alfileria {Erodium cicutarium). 

Oaks (Qt^rcu« spp.). ' 

13. 406.000 

! 

9.8 

Open forests. 

Largely ponderosa pine {Pinua ponderoaa) timber... 
Fescues {Featuca spp.). ! 

Bromes (Bromua .spp.). i 

126.367.000 ; 

1 

; 5.9 

Total. 


728.196,000 1 
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A balance in the ran^e vegetation of the various climatic units 
would exist more or less indefinitely, notwithstanding occasional tem¬ 
porary upsets due to drought years, so long as jio outside interference 
occurred. But, man and his grazing animals have disturbed the nor¬ 
mal balaiice. With few exceptions, the principal perennial grasses 
once dominant and plentiful on the range were those most palatable 
to livestock, but these have often given way to less palatable plants. 

In general, out of a total of at least 10,000 species growing on the 
range, probably only about 1,000 are of major or secondary impor¬ 
tance (696). Each range type is a complex of species, but onfy a 
comparatively small number furnish the bulk of the forage. Gener¬ 
ally speaking, perennial species, especially grasses, are the backbone 
of the range. With the exception of certain legumes, California oat- 
grass, some bronies, and fingergrasses, range annuals are, on the 
whole, of inferior palatabihty and forage value. Furthermore, 
annuals are subject to wide fluctuation in forage production. 

Nutritive Values of Range Plants 

Many palatable range plants, such as some of the wheatgrasses, 
saltbusnes, and native clovei’s, compare favorably with alfalfa and 
other cultivated feeds in their chemical composition, as indicative of 
nutritive value; indeed, some have an even higher ratio of minerals 
or protein. Chemical values of plants are, however, not constant; 
there is a higher protein and phosphorus content in the early stages 
of growth, which gradually decreases as the plants approach maturity 
(1098). The chemical content of individual plants of the same species 
also varies with soil, exposure, altitude, and other ecological factors. 
In general, range plants of higher altitudes, whether grasses or weeds, 
are higher in cnule protein and low'er in fiber than plants of lower 
altitudes (972). 

The composition of forage plants as it att'ects their actual nutritive 
value to the animals themselves, that is, the relation to animal 
metabolism, is of great significance. Research along this line on 
range forage plants is of rather recent development and much work 
remains for the future. Greaves (433), working with 16 species of 
range plants in Utah, found that a total phosphorus determination is 
a good indication of the nutritive value of the plant, because sulfur, 
protein, and crude fat all vary directly with phosphorus. 

The Arizona Experiment Station has shown that blue grama is an 
extremely potent source of vitamin A, especially in the early stages 
of growth (1081). It has been found in California that yitamm A 
deficiency in the range-forage diet contributes to reproductive failure 
of cattle (496). The California Agricultural Expeiiment Station is 
continuing its investigations of vitamin A and inineral deficiency at 
the San Joaquin Experimental Range in cooperation with the Califor¬ 
nia Forest and Range Experiment Station. Unpublished results of 
these studies show that with the drying of the annual type of plants 
on the range during the siunmer period nutritional values fell well 
below the minimum level for normal nutrition about the first of July, 
with both vitamin A and protein deficiencies. The phosphorus con¬ 
tent of the plants was found to decrease with the protem, but the blood 
phosphorus of Uie animals remained normal. Tnere was a severe loss 
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in weight of animals and supplements were required to keep them 
gaining. Similar nutritional studies are now being made in a number 
of States. 

MAINTAINING RANGE FORAGE AND LIVESTOCK PRODUCTION 


Sustained livestock production on range lands depends on main¬ 
taining productivity of the range forage. Maintenance alone is not 
sufficient, however, since past drought and overuse have seriously 
depleted the grazing value and curtailed possible production. At the 
same time, the thinner stand of perennial grasses on the depleted 
range has exposed the land to increased erosion, which_ if left un¬ 
checked would further decrease productive values. ■ It is of prime 
importance, therefore, if the productivity of the range is to be main¬ 
tained and a continuous and ample forage supply for livestock as¬ 
sured, to graze the range in accordance with the life history and growth 
requirements of the most important palatable species. It is also 
important to be able to evaluate conditions at all times in order to 
adjust grazing to the capacity of the range {1120). 

The perennial range grasses and other plants that furnish the forage 
for the livestock grazing on the range, manufacture in their green 
leaves the food they utilize in their growth. The start of growth in 
perennial grasses in the spring, as exemplified bv mountain brome, 
depends primarily on carbohydrates manufactured and stored in their 
roots the previous autumn, while further production of herbage and 
of flowers and fruit depends on the manufacture of sufficient carbo¬ 
hydrates currently through the season {713). It will readily be seen, 
therefore, why it is essential to have a reasonable growth of grass in 
the spring before grazing begins and why too close utilization of the 
herbage at any time is detrimental to sustained forage production. 
Close use of the range at the same spring period each year is especially 
detrimental {238). However, grazing closely twice or even three times 
in a summer season, provided the first grazing is late enough and the 
intervals are sufficient for the vegetation to recover from each crop¬ 
ping, ordinarily does not seriously affect the yield and vigor of the 
plant cover {1008). 

Forage production on the range must be accomplished under mois¬ 
ture conditions far more adverse than in humid pastures. Average 
precipitation in the range area is one-third that of the Middle West 
and East, and in 1 to 4 years out of every 10 there is less than 75 
percent of this normally low average rainfall. However, range plants 
utilize their limited supply of available water with remarkable effi¬ 
ciency. Some native grasses rei^uire less than 400 pounds of water 
to produce 1 pound of dry material, in contrast with alfalfa which, in 
the same section, requires over 800 pounds {1030). Furthermore, it 
has been shown that soils from a Utah mountain range seriously 
depleted by erosion require approximately twice as much water to 
produce a given unit of dry plant weight of peas and wheat as do com¬ 
parable soils not so depleted {1004, i006). During severe droughts, 
as in 1934, range grasses such as the gramas of Montana and New 
Mexico either fail to grow appreciably or dry up early in the season. 
Growth in height is greatly restricted in practically all species during 
drought years. Severe losses in density also follow droughts, as in 
southern New-rMexico where black grama, even under protection from 
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grazing, dropped in 1919 to 41 percent and in 1923 to 11 percent of 
its 1915 stand, following the droughts of 1916 to 1918 and 1921 to 
1922 respectively (841)• Overgrazing resulted in even lower stands of 
black grama during drought and in some cases killed it out entirely. 

Because of the rather wide fluctuation in forage production from 
one year to another, ranges should normally be stocked on a conserva¬ 
tive basis of 20 percent below their forage production in average years. 
Such conservative stocking not oidy provides a reserve of forage in 
case of drought, but also affords added soil protection and enables 
more rapid recovery of vegetation following drought or on otherwise 
depleted ranges (fig. 9). Also to insure most satisfactory use of forage 
by livestock without detriment to forage production, the range should 
be managed with full recognition of the suitability of various range 
types for the different classes of livestock, the best season for grazing, 
and suitable distribution of the animals over the area to avoid concen¬ 
tration (198, 584). Deferred and rotation grazing allows deteriorated 
range to recuperate and often produces greater grazing values on range 
in good condition. 

Many examples inight be given of the value of desirable range- 
management practices in better livestock production. At the United 
States Range Livestock Experiment Station near Miles City, \Iont., 
in studies handled cooperatively by the Forest Service, the Bureau 
of Animal Industry, and the Montana State Agricultural Ex-periment 
Station, 5-year-old cows grazing conservatively weigh from 40 to 90 
pounds more than on range slightly ovei^razed; an 84-percent calf 
crop was produced on the conserx^atively grazed range as compared 
to 70 percent on the overgrazed; the calves from the former range 
were heavier at birth, and one-tliird more poimds of calf at weaning 
time was produced per cow on the conservatively grazed range (564). 
On the Jornada Experimental Range in southern New Mexico grazing 
capacity is twice as great, calf crops are half again larger, and losses 
are one-fifth as great under conservative management as on compar¬ 
able nearby unmanaged ranges. It is the overcoming of heavy losses 
during drought and extreme^ low calf crops which follow that accoimts 
for the major differences (377). Livestock in a poor and emaciated 
condition are more subject to losses from malnutrition, disease, preda¬ 
tory animals, straying, and poisonous plants. Ordinarily animals do 
not eat a sufficient amount of poisonous plants to be of serious con¬ 
sequence unless they fail to obtain from their forage an adequate 
supply of the nutrients essential for their needs. 

In parts of the West where breeding cattle are wintered on the 
range, supplemental feeding is particularly desirable. Experiments 
in Montana (US) sliowed uiat appro.ximately 1 pomid of cottonseed 
cake a head fed dailv for 73 days during the winter as a supplement 
to the range enabled the cows to come through the winter in better 
condition than cows on range without a supplement, and they con¬ 
sistently produced calves heavier at birth and at weaning time. 
Lantow (66S) foimd that feeding cottonseed cake at the rate of 1 
pound a head daily to breeding cows on rai^e in New Mexico was a 
mghly desirable practice and usually more economical than feeding a 
supplement of com. The relative price of com and cottonseed cake 
would, of course, have to be considered in ranch practice. At the 
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Figure 9 .—Summer range conservatively grazed provides abundant excellent feed for sheep with adequate range conservation. 
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same station Lantow (661) reported that feeding from to 1 pound 
of cottonseed cake a iiead daily gave best results with calves on 
winter range the rate of feeding depending on the quality of the 
range. A supplement of 1 pound of cake a head daily was adequate 
for vearlings. 

Black and Mathews (111) showed that it is much more economical 
to winter yearling steers on range in the northern Great Plains with 
a supplement of concentrates or dry roughage when the weather 
is severe, than to winter them in a lot on harvested feeds. 

Management that sustains forage production is of benefit to the 
stockman as well as to the economic welfare of the West generally. 
Overgrazing necessitates excessive use of supplemental feed, especially 
during droughts when hay and other available feeds are apt to be at a 
premium. The only alternative is starvation losses or forced ship¬ 
ments of livestock on markets depressed by many such efforts to dis¬ 
pose of surplus animals. Sustained livestock production on the basis 
of conservativ'e grazing and other phases of good range management 
reduces the unit cost of production and assures more profit to the 
stockman (2^3). 

SOUTHERN FOREST RANGES 

The range picture would not be complete without reference to the 
extensive forest lands of the South producing native forage that is 
grazed. These forests of the South comprise some 200 million acres, 
most of which is grazed to some extent. Little attention is given to 
livestock on unfenced forest ranges, but fires set to “burn off the rough” 
often damage forest values. Intensive livestock raising as well as 
intensive forest management will demand independent use of land for 
the best development, but at present there are large areas of forest 
land on which gi*azing and forestry might well be combined under 
extensive management. Grazing should ordinarily be eliminated from 
hardwootl forests, where feed values are low and reproduction is apt 
to be damaged severely. 

Through proper coordination of grazing of piney woods range with 
improved pastures and harvested feed, and by improving the type 
of cattle, livestock production could more nearly meet the milk and 
meat requirements of the region, and aid livmg standards of the 
farmer-stockmen. On cut-over ])inelands of southern Mississippi it 
has been found that the abundant native forage available while the 
pine reproduction is developing has fairly good feed values in the spring 
and eanv summer (1176). Cattle make reasonably good gains during 
that period, but when left on the land until late in the fall or throughout 
the year without supplements, as is the common practice, they lose 
this weight. By removing the livestock in the fall to improved pas¬ 
tures, wnich can be rather readily established on the limited area of 
highly productive soils, gains in weight and satisfacto^ calf produc¬ 
tion could be attained. Needed management features include control 
of grazing through fence laws, leasing of range privileges on private 
lands, and other means for placing responsibility on owners of lands 
and livestock that will aid in overcoming the promiscuous burning 
and widespread unrestricted grazing now prevailing. 

Although there is much general information on the nutritive values 
of range forage and some very good work is under way, the detailed 
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knowledge of nutritive values of range plants and of management 
requirements based thereon which will make possible most satisfactory 
range and livestock management on both western and southern ranges 
is still lacking. 

RESEARCH ON THE EFFECTS OF SOIL AND FERTILIZERS ON PASTURES» 

To research workers it is apparent that the nutritional values in herbage are 
modified by a complexity of physical and biological factors concerning which, 
particularly as to their interrelationships, present knowledge is inadequate. 

Pasture species, for example, vary structurally and inherently, not only as 
species but within each species. Various strains of a given species may differ 
as widely in habits of growth as varieties of wheat or corn. Associated with 
variability in structure and growth habits among species is a difference in their 
ability to utilize nutrients in the soil. Much remains to be learned about this 
selective ability of plants and its relation to chemical composition—much more 
with respect to the relation between chemical composition and nutritional values. 
But an increasing volume of literature clearly indicates the existence of these 
relationships and further research will clarify them. 

EFFECTS OF SOIL AMENDMENTS 

Since plants vary in their ability to select and utilize different soil nutrients, 
the type of soil—its physical and chemical composition—apparently plays a 
basic part in modifying the growth habits and composition of the plants. This 
emphasizes the importance of intelligent use of soil amendments, such as ferti¬ 
lizers, lime, and inoculants, calculated to provide a suitable soil environment. 
Very little is known, however, as to what effect any particular fertilizer will have 
on the mineral content of the same plants grown on different soils. 

In general the amount of any fertilizing element in the soil is reflected in the 
chemical composition of the plant grown on the soil and also in the physical 
condition of the animals grazed on these plants. Where deficiency in calcium,* 
nitrogen, potash, or phosphorus occurs in the soil and when increased growth 
resulte from the application of one of these elements, the increased growth is 
usually correlated with an increase in the plant of the particular element applied 
to the soil. Not infrequently the application of a fertilizing element results in 
an increase in the plant of a constituent other than that applied as a fertilizer. 
Adding phosphates to a certain soil may affect the amount of potassium in the 
plants growing on that soil without adding materially to the phosphorus con¬ 
tent, while on another soil applications of phosphate may result only in an 
increase in the phosphorus content of the plant. Instances have been reported 
in which applications of phosphorus and potash increased the nitrogen content 
of the plant very materially. On the other hand, applications of nitrogen alone 
have in some instances reduced the calcium and phosphorus content of grass. 
The association of bromegrass with clover is known to result in an increase in 
the protein content of the grass. In general, however, as first stated, the fer¬ 
tilizing elements in the soil are refiected in the chemical composition of the plant. 

Vinall and Wilkins ( 1168 ) report that nitrogen applied to Kentucky bluegrass 
increased the crude protein 12.34 percent (average of 66 comparisons). The 
addition of phosphorus and potash also resulted in increased crude protein. When 
phosphorus was applied as a fertilizer it effected an average increase of 26.64 
percent of elemental phosphorus in the herbage, while the calcium was increased 
16.67 percent. When nitrogen was applied to white clover its calcium content 
decreased 10.64 percent, while the addition of phosphorus to white clover pro¬ 
duced small increases in crude protein and an increase of 22.22 percent in phos¬ 
phorus content and 11.9 percent in calcium. Vinall and Wilkins conclude “that 
if statistical methods are sound these results prove beyond reasonable doubt that 
the composition of grass may be changed appreciably by applications of ferti¬ 
lizer to the soil on which it is grown. 

Work done in Connecticut ( 160 ) shows that distinct changes in the composition 
of herbage have been caused by the various fertilizer treatments. The percentage 

* The materia! in this section applies almast wholly to farm pastures rather than to range lands. Studies 
to date raise oonsMerable question as to the practical value of using fertilizers on range land. The section is 
intended primifffiy for students and others technically interested in the subject. 
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of dry matter, crude fiber, and the more soluble carbohydrates, organic acids, 
etc., is high in the herbage from unphosphated plots and lowest in that from plots 
treated with phosphate plus lime or nitrogen. The reverse was true of ash, 
nitrogen, fat, and potash. Calcium was depressed by the addition of nitrogen 
and by the omission of phosphate. 

Midgley (787) cites a number of references showing that plants are materially 
affected by the nature of the soil in which they grow. If the soils are high in 
available plant nutrients, this is reflected in the chemical composition of the plants 
and the physical condition of the grazing animals. Cases are cited of pasture 
areas that are known to produce nutritional disorders because of lack of certain 
minerals in the herbage, such as calcium, phosphorus, iron, copper, and iodine; in 
other cases such disorders are due to an excess of certain elements, as fluorine and 
selenium. 

A study of 776 pastures in West Virginia (9l3S) and analyses of the soils showed 
that the most important factors responsible for the poor type of vegetation found 
there were soil acidity and lack of available phosphorus. Eighty-five percent of 
the area was found U) be in need of lime and 94 percent was deficient in available 
phosphorus. 

The effect of adding phosphates, however, will vary with different soils. Adding 
phosphates to some soils may decrease the potassium content of plants without 
adding materially to the phosphorus content, while on other soils applications of 
phosphate may result in increases in the phosphorus content of the plants. 

Wrenshall and McKibbin (1272) in a pot experiment found that the phosphorus 
intake by pasture plants “is not to be wholly attributed to the utilization of readily 
soluble phosphate. The phosphorus obtained by the plants was in all cases con¬ 
siderably more than could be attributed to decreases in the amount of readily 
soluble phosphate in the soil. ... It is suggested that a considerable proportion 
of the phosphorus obtained by the plants came from the nucleotides (classes of 
compounds consisting of carbohydrates, certain nitrogen bases, and phosphoric 
acid) know’n to exist in the soil. Decomposition of nucleotides would result in the 
release of phosphoric acid in the soil, thus providing a notable source of phosphorus 
for plant nutrition and the replenishing of inorganic phosphates in the soil.” 

In Michigan (44^^ the phosphorus content of both the stems and leaves of alfalfa 
grown on soil which did not require lime was increased by the application of phos¬ 
phate alone or in combination with potash. On another soil that required lime, 
applications of lime and phoapliate did not increase the phosphorus content, 
whereas the addition of lime to one soil type increased the nitrogen content. In 
some cases very marked differences occurred in the calcium and phosphorus con¬ 
tents of alfalfa grown on different soil types. Alfalfa grown on heavy-textured 
soils contained more nitrogen and less phosphorus than that grown on light- 
textured soils. 

The Utah Agricultural Experiment Station (928^ found that, on a calcareous soil 
high in total phosphorus but low in available phosphorus, wherever the use of 
manure or phosphorus fertilizers gave an increase in yield of alfalfa it also gave a 
marked increase in its phosphorus content. Samples from the Uintah Basin Ex¬ 
periment Farm showed no response to the use of phosphorus either in yield or in 
phosphorus content of the alfalfa, though some other trials in the same general 
locality showed an increase in yield. The phosphorus content of this alfalfa was 
not high as compared with many other samples tested. 

Sewell and I^hshaw (1028) found that on an acid Cherokee silt loam from south¬ 
eastern Kansas phosphorus alone did not increase the percentage of phosphorus 
in alfalfa but phosphorus and lime did. The calcium increased in proportion to 
the amount of lime applied. The various lime and phosphorus fertilizer treat¬ 
ments had little effect on nitrogen content. With an increase in rate of liming a 
decrease was shown in the percentage of potassium in the dry matter. 

Nitrogen, pho^horus, and potassium fertilizers applied alone or in combina¬ 
tion to western Washington soils (1163) in most cases had no appreciable effect on 
the percentage of those elements in the alfalfa, but when they were applied to 
easte rn Washington soils the phosphorus and potassium contents of the alfalfa had 
a tendency to increase as a result of phosphate and potash fertilization. The 
calcium content did not seem to be affected by fertilization but varied inversely 
with yield. On an average, alfalfa from eastern Washington contained the highest 
percentages of nitrogen and calcium and that from western Washington the 
highest percentage of phosphorus. 

In work in Wisconsin (822) it was found that nitrogen fertilizers lowered the 
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calcium and phosphorus content of Kentucky bluegrass while the nitrogen con¬ 
tent varied directly with the amount applied. Kentucky bluegrass receiving 
1,160 pounds of sulfate of ammonia per acre produced 4.44 times more crude 
protein than grass not fertilized with nitrogen. Phosphate fertilizers increased 
the phosphorus content, while phosphorus and potash increased the nitrogen 
content. 

Emerson and Barton {330) found that the amount of potassium taken up by red 
clover from a soil varied with the treatment applied. Application of manure 
increased the solubility of potassium and the amount taken up by the plants. 

Adams and others (f4)» studying the effect of fertilizers on the composition of 
soybeans, found that certain fundamental relationships are indicated: 

“(1) The CaO and nitrogen contents of the forage are in proportion to the 
phosphate applied; (2) the K 2 O content varies with the sulfate of potash and 
indirectly with the phosphate used; (3) the PjOj content is a reflection of the potash 
and phosphate in the fertilizer, with the former dominating; and (4) the relation 
of calcium and potassium depends on the level of nitrogen, phosphate, or potash 
offered to the plant by the fertilizer.*’ 

The Kentucky Experiment Station {620) made complete analyses of 34 samples 
of lespedeza hay from^ different localities in the State. All of the hay from the 
poorer soils was low in phosphorus and unusually low in protein, whereas hay 
from the better soils was much higher in phosphorus and protein. 

Annual and perennial lespedeza grown on the State Experiment Station farm 
at Lexington, Ky., contained 0.80 and 0.62 percent of phosphorus pentoxide, respec¬ 
tively, while plants of the same maturity harvested from an unproductive soil on 
the western substation at Princeton contained only 0.28 percent {619), 

West Virginia {924) reports that herbage from unproductive soil was only 60 
percent as high in phosphorus as herbage from more fertile soils. The percentage 
increase of phosphorus in broomsedge when treated with phosphate fertilizer 
was approximately the same as in bluegrass similarly treated. Lime increased 
the percentage of calcium in broomsedge an average of 19 percent, while the 
calcium content of Kentucky bluegrass increased 36 percent. 

Lipman and Blair {690) report that liming increased the percentage of nitrogen 
in alfalfa grown in New Jersey. 

In an experiment in southern Illinois, Snider and Hein {1088) found that sweet- 
clover contained 35 percent less nitrogen and 67 percent less phosphorus per acre 
on soil receiving lime alone than on soil receiving lime, phosphorus, and potassium. 

On certain soils in the West applications of sulfur are essential to satisfactory 
yields of alfalfa, indicating that this element is not present in amounts required 
by the crop. On the other hand, some other crops are not benefited by such 
treatment. Whether this means that these plants do not take up sulfur or that 
enough is present in the soil to meet the limited demands is not known. 

Studies conducted by the Washington Experiment Station {839) indicated that 
the application of sulfur where needed, as shown by increased yields of legumes, 
resulted in an increase in nitrogen as well as of sulfur in the plants. 

On some of the muck soils in Florida, light applications of copper are very 
beneficial to alfalfa. It is known that where selenium is present in the soil certain 
forage plants take up enough of this element to poison livestock, while other plants 
grown on the same soil take up very little if any. Instances have been reported 
in which light applications of boron have benefited alfalfa, but where boron is 
present in excessive quantities it is injurious to plant growth. 

CORRELATION OF FORAGE AND ANIMAL YIELDS 

Forage yields are difficult to measure or evaluate since such yields must be 
determined by indirect methods and interpreted in terms of animals or animal 
products. ExpNerimental technique for measuring pasture yields has not been 
developed to eliminate experimental error as in other fields of research. Efforts 
are being made to develop methods which would not require extensive land areas 
and a large number of animals with the object of determining the value of pasture 
herbage in terms of animal products. 

In a preliminary report of the 6 years* work at Kylertown, Pa. {408)^ in which 
pasture yields have been determined by calculating the total digestible nutrients 
in the herbage yields and the total digestible nutrients required by the grazing 
animals for gabi^Jii weight and milk produced, it is stated: 

“If the yield 0 # clippings is considered as 100 percent, or the true yield of the 
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pastures, the grazing animals utilized 70 to 80 percent of the T. D. N. (total 
digestible nutrients) available.’* 

A similar study in West Virginia {976) showed a ratio between herbage harvested 
and total digestible nutrients, calculated from grazing animals, of 1:0.61. While 
these relative yields do not correspond with those from Kylertown, Pa., the differ¬ 
ence may be due to the fact that the pastures in West Virginia were continuously 
grazed while those in Pennsylvania were rotation-grazed. 

Results obtained at Beltsville, Md., as indicated in unpublished data, are in 
general agreement with Pennsylvania results with one exception—the yield of 
herbages obtained from a pasture which contained a high percentage of annual 
lespedeza as estimated from hand-harvested plots was less than that estimated to 
have been obtained by grazing animals. These differences indicate the need for 
further study on the effect of grazing management on forage yields. 



THE NUTRITIVE VALUE UF 
HARVESTED FORAGES 


by T. E. Woodward, W. H. Hosterman, P. V. Cardon, and L W. McConia$> 


HERE is a thorough discussion of the factors affecting the nutritive 
value of harvested forage; the methods of harvesting, processing, and 
storing; haymaking and the kinds and grades of hay; the making of 
silage and the effects of acidity, temperature, and moisture on its quality; 
and the right use and the limitations of harvested forage as livestock feed. 


The average annual value of the hay produced in the United States 
in the 10 years 1928-37, was about 765 million dollars—more than 
that of any other crop except com. The comparative value of cotton 
was 98 percent and that of wheat 82 percent for the period. Silage, 
the other harvested forage discussed in this article, had a value of 
100 million dollars or more. 


The most important crops used for hay ranked as follows in average 
tonnage per year for the decade 1928-37: (U All clover and timothy, 
(2) alfalfa, (3) wild hay, (4') soybeans, cowpeas, and peanut vines, 
(5) small grains, (6) sorgo, (7) lespedeza, and (8) sweetclover. During 
the entire period the tonnages of alfalfa, soybeans, and lespedeza 
increased and those of timothy and clover and of wild hay decreased, 
but for the 3 years 1935-37 the ranking remained unchanged except 
that alfalfa took first place, ahead of all clover and timothv. 

The principal reason for harvesting forage is to provide feed for 
livestock dunng seasons when there is a shortage or complete lack of 
growing herbage. Less important reasons are to prevent waste 
through trampling and soiling and to put the forage in a commercial 
form. In^ the process of harvesting the forage it always loses some 
of its nutritive value. The loss may be slight, or it may be 50 percent 
or more, depending on the methods used and on the weather. Some 
English investigators estimate that under the conditions prevailing 
in the British Isles an average of about 40 percent of the nutritive 
value of a crop is lost when it is made into hay. In the United States 
such a loss would appear excessive, but there is insufficient informa- 
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chm ofthe Division Forage Crops and Diseases, Bureau of Plant Industry; and E. W, MoComas is 
Aofmal HusbandmaD, Bureau of Animal Industry. 
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tion to permit a reliable estimate. So far as is known, harvested 
forage is superior to the fresh, green forage in only one respect— 
sun-cured forage contains greater quantities of vitamin D. Any 
system of harvesting and curing forage has for its objectives keeping 
the losses of nutrients low and the cost nominal. 

Hay is by far the most important form of harvested forage, because 
it does not deteriorate rapidly in storage, it can be handled commer¬ 
cially, and it can be made without great expense for labor, machinery, 
and buildings. When, as sometimes happens, the character of the 
crop or the weather is such as to preclude the making of good-fiuality 
hay, the use of the silo offers a satisfactory way of saving the forage 
for home consumption by certain kinds of farni animals. 

As a rule a crop cannot be harvested and stored as cheaply in the 
form of silage as in the form of hay. Offsetting this disadvantage, 
partly or wholly, is the fact that if it is properly made the silage 
generally retains a greater proportion of the nutritive value of the 
green plant. The principal use of the silo, however, is to save forages 
which would otherwise be largely wasted, damaged, or lost entirdy. 

Another way to save the forage in spite of the weather is to diy' it 
artificially. This practice, if properly carried out in a good tvpe of 
drier, preserves the crop with the least change and the least loss of 
nutrients, but it is too expensive as yet for the average individual 
farmer, though it may be practicable for groups of farmers. 

The principal sil^e crop is com. In 1937, 36 million tons of com 
silage was made. Considerable quantities of sorghum, small grains, 
grass, and corn fodder also are put into the silo, but no statistics on 
these are available. Apparently by exercising proper precautions any 
of the forage crops can be successfully preserved in the silo. 

The nutritive value of a crop is measured by its (1) yield, (2) palata- 
bility, (3) composition, (4) digestibility, and (5) physiological effect 
upon the animm. The yield is important because of the fixed charges 
in raising a crop. The net returns from a large yield are naturally 
greater than those from a small yield. No characteristic of a plant 
IS more important than palatability, because if livestock will not eat 
a plant it is useless for feeding. Palatable feeds are eaten in larger 
amounts than unpalatable feeds. Where a maximum consumption 
is desirable, as with fattening animals or high-producing dairy cows, 
palatability has a direct relationship to economy of production. The 
composition of plants indicates the amounts of useful nutrients they 
contain and whether there is likely to be a deficiency of any essential 
constituent. The digestibility is important because it is only that 
portion of the feed which is digested that can be utilized physiologi¬ 
cally. Fortunately, most feeds have no unfavorable physiological 
effect upon the animal. Poisonous plants are usually avoided by 
animals, either because of instinct or because the taste or smeU is 
objectionable to them, and unsound or spoiled feeds which might 
cause injury are' likely to be unpalatable. Poorly fed, himgry ani¬ 
mals are the ones most likely to eat harmful feeds. 

In the following pages the different plants, the conditions affecting 
their growth, and the methods of harvesting and conditions of storage 
will he discussed in more detail with reference to these five char¬ 
acteristics. 
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FACTORS AFFECTING THE NUTRITIVE VALUE 
OF FORAGES 

STAGE OF GROWTH 

The stage of growth of plants has come to be recognized as one of 
the most important considerations in the harvesting of forage crops. 
The more immature a crop of forage fe when cut the smaller will he 
the yield and the more nutritious the product. But small yields and 
frequent cuttings increase labor costs. Some sacrifice of quality must 
be made in the interest of greater yields and greater economjy of 
harvesting. Usually, therefore, plants are harvested for hay or sdage 
at an intermediate stage when neither the yield nor the quality is at 
its maximum. Because of the greater water content of young plants 
and their tendency to pack together when mowed, they do not dry as 
readily as more mature plants. Taking into consideration the yield, 
quality of hay, composition, effect upon the stand, and labor of har¬ 
vesting, the best time to harvest the grasses, clovers, and alfalfa for 
hay is ordinarily sometime between early bloom and full bloom. Crops 
which are heavy producers of seed, as the cereals, soybeans, and 
cowpeas, should be cut at a later stage—cereals when the grain is in 
the soft or dough stage, soybeans when the beans are about half 
grown, and cowpeas when the first pods are mature. Wlien a hay of 
very high quality is required, the grasses and alfalfa are sometimes 
haiVested before thev bloom. 

The palatability o/ young plants is almost invariably superior to that 
of more mature plants. Waters (1184) “ demonstrated many years 
ago that timothy hay cut at the bloom stage was more palatable to 
both steers and dairy cows than hay cut at the seed stage. Young 
plants are tenderer, the proportion of leaves is higher, and the hay 
made from them is softer, all of which make for greater palatability. 

Probably the most striking characteristic of stage of growth is the 
change in composition with advance toward maturity. The contents 
of protein and minerals are higher and that of the less valuable crude 
fiber is lower in young plants than in oUler plants. These changes in 
the composition of alfalfa are well shown in table f, from work done by 
Kiesselbach and Anderson {6^6). Similar information for timothy by 
Trowbridge et al. {1150) is given in table 2. 


Table 1 .—Effect of the time of cutting upon the chemical composition of alfalfa hay^ 

average for 4 years 1921-24 


Stage of maturity 

Ash 

Protein 

Fiber 

1 

Nitrogen- 

free 

extract 

Fat 


Percent 

Percent 

Percent 

Percent 

Percent 

Prebloom. 

11.24 

21.98 

26.13 

38.72 

2.93 

Initial bloom. 

10.62 

20.03 

26.75 

40.67 

3.03 

One-tenth bloom. 

10.27 

19.24 

27.09 

40.38 

3.02 

One-half bloom. 

10.69 

18.84 

28.12 

39.46 

2.00 

Full bloom. 

9.36 

18.13 

30.82 

38,70 

2.99 

Seed stage. 

7.33 

14,06 

36.61 

39.61 

2.39 


< Italic numbers in paiiotbeses refer to Literature Cited, p. 1076. 
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Table 2 .—Composition o/ the dry substance of timothy hay harvested 
at different staf^es of maturity 


Stage of maturity 

Protein 

Ether 

extract 

[ 

'Crude fiber 

A.sh 

Nitrogen- 

free 

extract 

1 foot high, no heads showing... 

BeKlnnlng to head— ... 

Full bloom.- . 

Out of bloom; seed found.. 

See<l all In dough.... 

Seed fully ripe... 

Percent 

10.18 

8.02 

S.OO 

5.27 

5.00 

5.12 

Percent 

4.61 
4.07 
2.38 
3.13 1 
2.87 ' 
2. 72 

Percent 
26.31 
31.15 
.33.74 
31.95 
30.21 
31.07 

Percent 

8.41 

7.61 

6.10 
.5.54 
: 5.38 

1 5.23 

Percent 
50.49 
49.14 
51.89 
54.12 

1 56.48 

' 55.87 


The crude fiber of the young plant growth as in immature pasture 
herbage appears to be praotically as <iigestible as the nitrogen-free 
extract. As the plant matures, a progressively greater proportion of 
the crude fiber is made up of lignin which, besides being indigestible 
itself, increases the energy expentliture for mastication and digestion 
of the feed and lowers its net nutritive value. Phillips and Goss {919) 
analyzed the barley plant at 7-day intervals for lignin and related 
compounds. Presumably the following figures, which show the ex¬ 
tent to which the lignin, calculated on the basis of oven-dried material, 
increases with advance toward maturity of the barley plant, will apply 
in a general way to other species of plants: 

4ge of plants Lignin content Age of plants Lignin content Age of plants Lignin wiitent 
(days) (iTerrent) (days) flierc‘ent) (days) (l)eroent) 

7 - - 1.48 42.. - 3.49 70_ 6.93 

14 . 1.71 49.-.- 5.10 77.. 6.97 

21 .2.31 .56 _ 5.93 84_ 7.34 

28. 2. .50 63- _ 6.80 86. 7.74 

35 ... 2 . 88 

The carotene content of plants in their early stage of growth exceeds 
that of more mature plants, because leaves contain more carotene 
than stems and the leaves of an immature crop are all green, whereas 
with advance in stage of maturity some of them become yellow or 
brown. If the hay is to be field-cured in the ordinary way, it is un¬ 
likely that the carotene content of the crop at time of harvesting is a 
factor of much importance in the determination of the date of harvMt- 
ing, since by far the larger portion of the carotene is lost in curing 
even under the most favorable con<litions. If the crop is to be arti¬ 
ficially dried or made into silage, then the carotene content of the crop 
at time of harvesting assumes greater importance, because one reason 
for artificial drying or siloing is to preserve more of the carotene than 
is possible by field curing. 

LEAVES VERSUS STEMS 

The leaves of all forage plants are greatly superior to the stem^n 
nutritive value. Table 3, containing data frona Sotola s work {109U), 
shows the difference in composition and digestibility of alfalfa leaves 
and steins. These differences are similar to those m other plants. 
The leaves are superior in composition because they have higher per¬ 
centages of the more valuable constituents and a lower percentage of 
the less valuable fiber. The digestibility is also markedly siipenor. 
It is evident, therefore, that any method of harvestmg, handlmg, or 
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storing forages that increases the proportion of leaves to stems in¬ 
creases the nutritive value. 


Table 3. —The comjtosition and apparent digestibility of alfalfa stems and leaves,^ 
average of first, second, and third cuttings 


Item 

Dry 

matter 

Protein 

('rude 

fiber 

Fat 

Ash 

Nitrogen- 

free 

extract 

Calcium 

Phos¬ 

phorus 

Stems: 

Coumosltion_ 

Coefficient of digestion. 
Leaves: 

Composition _ 

Coefficient of digestion 

.percent.. 

87.27 

46.6 

8.17 

51.1 

41.59 

39.0 

1.30 

47.9 

5.42 
27.6 

33.52 
. 58.9 

0.86 

*+1.29 

2. 76 
> +24.22 

0.13 
*+.50 

.22 
» +7. 32 

percent.. 

86.33 

66.3 

19.67 

77.4 

16. 47 
55.6 

3.01 

29.7 

9.43 

34.6 

41.88 

75.9 



1 The total of digestible nutrients in the stems was 41.63 percent and in the leaves 58.09 percent. 

» Oram intake by sheep in feed minus gram outgo in feces and urino—Rverage per day per sheep 


While the early-cut hays do have a highev percentjige of leaves, as 
is shown in table 4, their suj)eriority can be explained only in part by 
the leaf-stem ratio. In alfalfa and presumably in other legumes, the 
ratio of leaves to stems changes but not to a marked extent until 
the plant becomes sufficiently mature to begin to lose some of its leaves. 
The data in table 4 do not take into account the losses of leaves which 
occur in the curing and storing of hays. The percentages given for 
the leaves are higher than are actually found in the cured havs. and 
especially is this thought to be the case with the hays harvested at the 
more mature stages. 


Table 4. —Percentage of ieaifes in alfalfa hay harvested at different stages of growths in 

Kansas (999) anti \elfraska (626) 


Kansas 

Nebraska 

Stage of growth 

Leaves 

Stage of growth 

Leaver 

Bud stage....— 

Percent 

53.4 

Prebloom.... 

Percent 

.57.3 

One-tenth bloom. .. 

51.1 

Initial bloom. 

56. 6 

Full bloom_____- 

48.4 

One-tenth bloom... 

55. 8 

Seed stage _ _ _ _ 

41.6 

One-half bloom. .. 

.53. 2 


Full bloom. .. 

49. 4 



Seed stage... 

33.3 





Table 5. —Protein and fiber content (dry-rnatter basis) of leaf and stem tU the prebuddings 
buddings and early-flowering stages of alfalfa 


First cut at— 

Uowo Hill (1933) 

Willingham (1933' 

Leaf 

Stem 

Leaf 

Stem 

Crude 

protein 

Crude 

fiber 

Crude 

protein 

Crude 

fiber 

(^rude 

protein 

Crude 

fiber 

C^rude i 
protein 

Crude 

fiber 


Percent 
30.13 
27.45 
23. 48 

Percent 

12.99 

12.33 

13.39 

Percent 

16.97 

12.48 

9.44 

Percent 
30. 77 
42.46 
44.36 

Percent 
32.93 
28.38 
24. 57 

Percent 
12. 47 
13.19 
13.94 

Percent 

19.46 

13.57 

11.03 

Percent 

30.94 

42.88 

46.49 
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The change in composition of both the leaves and stems through 
advance in stage of maturity may have a bearing on the nutritive 
value of the hay fully as important as the cliange in leaf-stem ratio. 
Data supporting this view are shown in table 5, taken from a report of 
Woodman and Evans {1268). 

It appears that the proportion of leaves to the other parts of the 
hay may be more important with at least some of the grasses than it is 
with the legumes because of the greater range in variation. For ex¬ 
ample, Hosterman and Hall {6JfJf) found that the leaf blades and 
sheaths of timothy at a stage when nearly fully headed made up 61.4 
percent of the total weight, whereas at a stage when the heads were 
mature they made up only 21.2 percent of the total. The extreme 
range in leaf content was not only greater than with alfalfa (table 4), 
but the range within which most of the hay is harvested was also 
greater. Table 6 shows the proportions and analyses of the different 
parts of timothy hay when harvested at different stages of maturity. 


Table 6 .—Proportion of leaf blades^ leaf sheaths^ sterns^ and heads in tinuahy hay cut at 
different stages of maturity^ and the protein, ether extract, and crude fiber in each part. 

on oven-dry basis 

LEAF BLADES 


Stage of maturity 

Proportion 
of total 
weight 

i 

Nearly fullV'headetl . ___1 

Percent 

38.2 

Earlybloom ... 

29.3 

Just past full bloom _ 

30.5 

10 percent of heads 8trawH*olored____...._ 

11.5 

Head® matur<» ___ 

10.0 




LEAF SUEATHS 



23.2 


19.9 

Just past full bloom-_-____ 

15.7 

in T\ar#>Ant nf haai1« <«tn\w-polored ___ 

12.9 

T-TonHc iTinfiirp __ 

11.2 ! 




STEMS 



20.6 


33.0 

fiiat full hloom - 

47.1 


45.7 

111 UtSlvCiiL V ^ 

38.7 




HEADS 


Protein 

Ether ex¬ 
tract 

1 

('rude 

fiber 

Percent 

11.6 

11.6 

11.0 

9.0 

6.6 

Percent 

4.8 

4.6 

5.1 

5.4 

5.4 

Percent 
24.3 
25.1 
25.0 
25.0 
25.9 

5.4 

1.4 

34.1 

5.7 

1.9 

36.0 

6.2 

2.0 

35.6 

7.4 

2.7 

35.8 

6. 1 


35.3 




4.4 

.9 

33.8 

4.8 

.8 

39.7 

3.2 

.8 

40.7 

2.9 

1.1 

43.0 

2.8 

1.3 

41.6 


Nearly fully headed.... 

Early bloom.. 

Just past full bloom.. 

10 percent of heads straw-colored 
Heads mature - 


12.0 

12.8 

17.8 

12.5 

16.7 

12.2 

29.9 . 

12.2 

40.1 ! 

13.8 


2.4 

29.7 

S.3 

30.7 

3.1 

28.0 

3.6 

21.5 

3.2 

15.6 


CLIMATE 

The climate affects the yield more than it does the coniposition. 
The disastrous consequences of drought are well known. Not only 
may the yields be greatly reduced by drought, but the nutritive value 

141394*’—30-62 
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may be impaired in some respects. Dry weather tends to lower the 
phosphorus content of plants, as shown oy Browne (f^4) iu the 1938 
Yearbook of Agriculture; it may reduce the carotene content also if 
the herbage dries and w'eathers enough to lose its green color. An 
excess of rain while the forages are growing is less common than a 
shortage of rain. As a rule wet weather increases the yield, but it 
may lead to the development of heavy stems. Furthermore, heavy 
rains may cause the crop to go down or^^ lodge. By shutting off the 
light from the lower portion of the crop lodging may cause some of the 
leaves to drop off and by keeping it moist may cause considerable 
spoBage. ' 


In general, it may be said that all plants have a composition which 
is inherent to that particular species or variety. If the soil contains 
in available form and in sufficient quantity all of the essential minerals 
for the growth of the plant and the climatic conditions are favorable, 
the plants will have a normal composition and the further addition of 
essential minerals in the properly balanced proportions will generally 
affect but little the chemical composition of the plants. On the other 
hand, the deficiency in the soil of any element used by the plant is 
likely to result in a deficiency of that element in the plant. For this 
reason proper attention to the needs of the soil will go far toward as¬ 
suring a normal composition of the plants and satisfactory nutrition 
of the livestock that consume the forage grown on the soil'. The ad¬ 
dition of calcium, phosphorus, nitrogen, and iodine to soils deficient 
in these elements has been shown to increase the contents of them in 
the forage. Presumably the same will occur when cojiper, iron, and 
cobalt are added to the soil, since deficieijcies of these elements in the 
feed also have been traced to deficiencies in the soil. 

Selenium is one element that has been used by plants in a certain 
section of the West in amounts sufficient to be toxic to the animals 
consuming them. 

While deficiencies of mmerals in the forage may be corrected by 
treatment of the soil, it is often more satisfactory as well as more eco¬ 
nomical to administer or feed some kinds of minerals directly to the 
animal. Furthermore, some forages may not contain enough of some 
of the mineral elements for certain types of production even when 
grown on soils adequately supplietl with all minerals. In such cases 
the minerals that are lacking must, of course, be fed directly or sup¬ 
plied in supplementary feed. For further information on the relation 
of minerals in plants to minerals in soils the reader is referred to 
articles in the 1938 Yearbook by Browne (164) w-nd by McMurtrey and 

Robinson (737). SPECIES-LEGUMES AND NONLEGUMES 

The species of plants used for forage have an unportant bearing 
on the nutritive value. Forage plants may be roughly divided into 
legumes and nonlegumes. Legumes are characterized in general by a 
relatively high content of protein and calcium and by the fact that 
their leaves readily become detached from the stems when dry. 
Because of dbair high content of protein and because they improve 
the nitrogeiKMffRitent of the soil few livestock farmers can profitably 
avoid growil^ them. 
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Alfalfa is the most important of the legumes grown for hay in the 
United States. Tt is a perennial, yields heavily, and makes a very 
palatable and nutritious hay. Red clover perhaps ranks next in 
popularity. It can be grown successfully on many soils where alfalfa 
does not thrive, and along with timothy it makes one of the principal 
hays of the United States. It is not ecjual to alfalfa in yield per acre or 
palatability, and because of the more advanced stage of maturity at 
which it is usually harvested it does not contain as much protein. 
Soybeans perhaps rank next in importance among the legumes. The 
acreage of soybeans keeps increasing steadily, probably because they 
are a relatively sure crop, can be grown on a wider variety of soils 
than alfalfa or red clover, and can be utilized either for seed or hay. 
Unless harvested early while the days are long and the weather is 
warm, they are not only difficult to cure b«it the stems will become so 
woody that they will be refused by livestock. Good soybean hay 
ranks close to alfalfa in feeding value. Cowpeas are grown only in the 
southern part of the United States; in growth habits and feeding value 
they are similar to soybeans. Alsike clover makes a hay that generally 
is superior to red clover hay in color. It> other respects the two clovere 
are much alike except that alsike does not yield as well as red clover. 
Lespedeza is coming into favor because it will thrive on land that has a 
low content of lime and because the seed is relatively inexpensive. 
The low moisture content of the stems makes it one of the easiest 
legumes to cure. Hay made from the annual lespedezas is palatable, 
finer stemmed than alfalfa, and not far behind it in feeding value, 
though the content of protein is somewhat less on the average. The 
annual lespedezas will not thrive in the more northerly regions of the 
United States. 

Mammoth red clover, crimson clover, peanut vines, and kudzu are 
other legumes of less importance for hav. Sweetclover must be cut 
early before the stems become thick and woody, otherwise there will 
be excessive waste in feeding. The hay must also be well cured, as 
unsound (moldy) sweetclover hay may develop a substance that 
interferes with the normal coagulation of the blood, which may lead to 
fatal hemorrhages of the animals eating the hay if it is fed e.xclusively 
for more than 10 to 15 days. 

Of the nonlegumes timothy is easily the most important. It grows 
on a wide variety of soils in the northern part of the Ilnited States 
and, in New England especially, appears to be almost indigenous. It 
is an excellent grass to seed with wheat as it can be seeded at the 
same time and with the same implement. If timothy is harvested 
at the early-bloom stage or before, it will make a hay that com¬ 
pares favorably with average alfalfa hay in palatability and aW 
m feeding value, except that it wdll have a low'er content of protein 
and calcium. 

The prairi6 hays of the West rank second in importance among the 
nonlegumes. These havs are made up of grasses, some of which are 
much more nutritious tnan othere. Upland grasses such as the blue- 
stems make the best kind of prairie hay. In composition and feeding 
value such upland hay is similar to timothy hay. 

Small-grain hays, followed by so^os, including Sudan ^ss, rank 
next in tonnage produced in the United States. Small grams, partic- 
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ularly oats, are used for hay principally in the Pacific Coast States 
and in the northern Great Plains but also to some extent in other parts 
of the country, while sorgos arc used mainly in the Great Plains. The 
stems in the small-grain hays are somewhat unpalatable, hut this dis¬ 
advantage is offset by the high nutritive value of the grain. Sorgos, 
although having a low pi-otcin content, make very good hay if cut 
early before heavy stems have tleveloped and if they can be cured 
without spoiling. Prussic acid may form in the new growth of Sudan 
grass, Johnson grass, and the sweet soi^hums following a drought or 
frost. While most cases of poisoning from this chenucal develop in 
livestock eating the green forage, there have been instances of fatalities 
following the eating of hay made from the poisonous green forage. 
The sedges and nishes of the Rocky Mountain States, Johnson gi'ass, 
red top, bromegrass, quackgrass, Bermuda grass, orchard grass, 
Kentucky bluegrass, crested wheatgrass, and crabgrass, are other 
plants more or less used for hay. They all make acceptable hays if 
cut early and cured without damage. 

Mixtures of legumes and nonlcgumes are ouite commonly used for 
hay. Timothy and clover, timothy and alfa'fa, oats and peas, oats 
and vetch, Sudan grass and soybeans, alfalfa and a voluntary growth 
of Kentucky bluegrass or crabgrass, and a mixture of alfalfa, timothy, 
and clover, are familiar examples. The legumes in such mixtures are 
advantageous in that they increase the protein and lime content of the 
forage and provide nitrogen for the. growth of nonlegumes; the non¬ 
legumes are advantageous in that they are likely to be surer crops than 
the legumes, and if the legumes fail the nonlegumes are left to provide 
some forage. In some cases the different kinds of plants make most of 
their growth at different times in the season or m tlifferent seasons. 
There is no apparent advantage in this characteristic if the crop is to 
be harvested for hay or silage, but there may be an advantage if it is 
to be pastured. In timothy-clover mixtures the forage the. first year 
after seeding is mainly clover, while the sccoiul year it is mainly 
timothy. 

Mixtures are desirable in that they usually increase the yield per 
acre, and there is some evidence that a mixture of legumes and non¬ 
legumes makes a more complete ration from a nutritive standpoint 
than either alone. The tendency at present appears to be toward 
mixtures rather than single crops, though in the case of alfalfa this 
tendency is shown only in those places less favorable to the growth of 
alfalfa or where the alfalfa is to be pastured. Timothy, orchard grass, 
and brom^rass appear to be the grasses most favored to seed with the 
alfalfa. Wnen the grasses do not reach the proper stage for harvesting 
at the same time as the alfalfa, as is usually the case, harvesting should 
be at the time considered best for the alfalfa rather than for the 
grasses. 

Generally speaking, the stage of growth of the herbage and the 
method of curing exert more influence upon the feeding value of hay 
than does the species or variety of plants from which it is made. A 
good hay of any species or variety is likely to be better than a poor 
hay of any other species or variety. This statement does not apply, 
of coume, to plants that are naturally unpalatable and are not usually 
made into hay. 
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DISEASES AND INSECTS 

It is well known that diseases and insects reduce the yields and may 
in some instances practically tlestroy a crop. It is not known how 
much they aftect palatability and composition. Any disease or insect 
attack that reduces the proportion of leaves to stems lowers the nutri¬ 
tive value, and any disease that leads to a discoloration of the foliage 
reduces the content of carotene in the crop. Dairymen discriminate 
against alfalfa hav from southern California that has been severely 
attacked by the alfalfa web worm, as this pest is known to injure the 
palatability of the hay. It is certain, therefore, that diseases and 
insects may lower the nutritive value and reduce the palatability, but 
whether they cause changes in the plant detrimental to the health of 
animals that eat them is still an unsettled problem. 

Molds or mustiness developed in the process of curing or storing 
may be harmfid, especially to horses and sheep. Wlien fed to horses 
musty hay is likely to cause heaves and moldy hay may cause more 
serious trouble, while cattle appear to be to a large extent immune to 
the effects of molds. Any growth of mold is always at the expense of 
useful food constituents. Even if the molds do not cause any injur}* 
to the. health of the animals, they reduce the palatability of the forage. 
Conditions favoring the growth of molds also favor the destruction of 
carotene: moldy hays are low-carotefie hays. 

EFFECTS OF METHODS OF HARVESTING. 

PROCESSING, AND STORING 

SDME OF THE CHANGES THAT TAKE PLACE IN THE CURING AND STORING OF HAY 

Wlien crops are harvested there is an inevitable loss of nutrients. 
Apparently the carotene starts to disappear at once. It has been found 
that alfalfa exposed in the swath and windrow from the morning of 
one day to the afternoon of the next day (about 30 hours), during 
good hay-curing weather, may lose 60 to 65 percent of its carotene. 
Even immediate drying by artificial means fails to preserve all of the 
carotene. Artificially dried hay may contain only about one-half as 
much carotene as the fresh, green crop, the amount depending to a con¬ 
siderable e.xtent upon the conditions of storage and the length of time 
in storage after drying. Furthermoie, the drying of green material 
either artificially or naturallv reduces tlie content of nitrogen. Prob¬ 
ably the nitrogen compouiuls that are lost by drying rather than by 
biological processes through the action of enzymes and micro-oi^an- 
isms are so simple in composition as to be of little nutritive value. 

The destruction of carotene appears to be due cMefly or solely to 
oxidation. Fresh vegetables preserved and stored in the absence of 
air, as when canned, retain most or all of their carotene. Feeds pre¬ 
served in containers from which air is at least partly excluded (silage) 
retain much more of their carotene than Lf they are exposed to air. 
While perfect preservation of the carotene can be attained only by 
the complete exclusion of oxygen or air, tliere a.re certain factors which 
in the presence of air accelerate or retard oxidation. It4e possible, 
therefore, by properly employing these factors, to preservf^ore or 
less of the carotene for an indefinite period even in the presence of 
oxygen, as in the making and storing of hay. 
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The Indiana Agricultural Experiment Station {571) reports some 
investigations which show that destruction of carotene takes place 
through the action of oxidative enzyines and that the activity of 
these enzymes is influenced by the moisture and temperature. For 
example, young alfalfa was treated in a way to inactivate the enzymes, 
after which some of it was sun-dried and some was incubated at 38° C. 
The vitamin A value, as determined by biological assays, was not 
destroyed. On the other hand, if the yopng alfalfa was incubated or 
sun-dried before inactivation of the enzyme, or if an enzyme was added 
after inactivation and then incubated, much of the vitamin A value 
was destroyed. The inactivation of enzymes in sun-cured hays does 
not appear to be practicable, but it has been observed that this knowl¬ 
edge IS being made use of in the commercial drying of young grass in 
England, where the grass passes through a hot-water bath before it is 
dehydrated. 

In the making of hay under practical farm conditions the way to 
keep the carotene losses at a minimum is to bring the >hay to an air- 
dry condition as soon as possible. The combined influence of moisture 
and temperature in the presence of air results in the rapid destruction 
of the carotene. The action of direct sunlight in decolorizing hays wet 
with external moisture, as dew or ram, is a matter of common observa¬ 
tion. As green color and content of carotene are closely associated in 
the hays, any practice which results in the destruction of the green 
color results also in reducing the content of carotene. 

Figure 1, prepared from unpublished data secured by the Bureau 
of Dairy Industry at Beltsville, Md., shows the correlation between 
green color, chlorophyll, and carotene in alfalfa hay. When 50 
specimens of hay were arranged in 6 groups according to their color, 
as determined by the Bureau of Agricultural Economics, the curves 
representing the contents of chlorophyll and carotene followed the 
same general course as the curve representing the color. The color 
was measured as percent of natural green color, which means the 
percent of the maximum color that has been found in alfalfa hay. 

Hay that has not been thoroughly dried either naturally or arti¬ 
ficially will heat when it is stored. Field-cured hays almost invariably 
contain enough moisture when they are stored to go through a sweat. 
Any heating that takes place results in the destruction not only of 
carotene but also of other valuable feed constituents. The degree of 
heat developed and the losses sustained are directlv proportional to the 
moisture content of the material and to the tightness of packing. 
Loosely packed hay permits the air to circulate more freely and thus 
facilitates drying and the dissipation of heat. Carotene destruction 
continues after the hay has reached an air-dry condition but at a 
much slower rate. Nevertheless, Kane and Shinn {6(^) have found 
that the loss which would normally occur during the usual storage 
period of hay is considerable. Alfalfa meals and hays lost 35 to 40 
percent of tneir carotene when stored for 7 to 8 months in a dark 
bam at temperatures and humidities normally occurring at Beltsville, 
Md. Corresponding reductions in the green color amounted to only 
about 13 percent. It is possible, therefore, to have a hay with a good 
color but with a low carotene content after a lon^ period of storage. 

A number of investigations have shown the influence upon the 
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carotene content of the temperature at which hay is stored. Freshly 
cured hay at Beltsville {1263), with a carotene content of 89 parts per 
million of dry matter, when stored for 6 to 8 months at temperatures 
of 42°, 20°, and 5° C. (107.6°, 68°, and 41° F.), contained, respec¬ 
tively, 6, 25, and 43 parts per million of carotene. Other hays stored 
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at room temperature and at 5® contained 27 and 40 parts per million 
of carotene, respectively, after storage. Baled alfalfa {1243) stored in 
the loft of an unheated bam lost 3 percent of its carotene per month 
in the winter, and 6.5 percent per month in the spring and fall. 
Samples stored the first summer after harvesting lost 21 percent per 
month; during the second summer they lost 12 percent per month. 
T^en alfalfa hay was stored {441) at a temperature below 5° no loss 
of carotene was detected in 6 months, but the rate of loss increased 
very rapidly with rise of temperature. 

Besides the carotene other feed constituents are lost in the process 
of harvesting and storing^ though usually not to such a great extent. 
As respiration continues in green plants for some time after cutting, 
it appears that this must be accompanied by a loss in dry matter. 
However, if the drying is rapid the loss of dry matter from the time 
of cutting to storing is only a few percent unless excessive leaf shat¬ 
tering occurs. Furthermore, if the hay is diy enough when stored so 
that it undergoes only a normal sweat, it will lose only a few percent 
of dry matter while in storage. It is only when the hay must remain 
in the field for long periods or when it is stored with too much mois¬ 
ture that the losses become excessive. Tlie weather at the time of 
harvesting is an important factor in the loss of dry matter. 

Watson and associates {1194) estimate the average losses in nutritive 
value (starch equivalent and protein equivalent) for 4 years through 
harvesting and storing hay in the stack in England at 30 to 40 percent. 
It should be borne in mind that the weather in England and northern 
Europe is both cooler and cloudier than in most parts of the United 
States, also that the rains are more frequent. A common practice is 
to cock or hang the partially dried hay on racks in a manner to shed 
the rain and at the same time facilitate aeration and drying. In some 
parts of England the partially dried hajr is put in large cocks (pikes) 
containing about 800 pounds, where it is sometimes left for 2 weeks 
or more before it is hauled to the barn for storage. Because of the 
more favorable weather for the curing of hay in the United States it 
would appear that an average loss of 30 to 40 percent in nutritive 
value is excessive. However, it must be recognized that very unfa¬ 
vorable weather for haymaking is likely to occur over most of the 
United States, especially in the making of hay from spring-harvested 
crops and in making soybean and cowpea hay in the fml. In addition 
to the losses resulting from the hay remaining in a moist condition for 
a long period in the curing and storing there is a considerable loss of 
leaves from the legumes. Studies with alfalfa in Kansas {999) showed 
that the average loss of leaves for 7 years was^ 19 percent, which was 
estimated to represent 9.2 percent of the weight of the total crop. 
Other studies, in the Platte Valley of Nebraska,® indicated a much 
lower loss of leaves—5.9 percent. InsufiScient data are available to 
permit an accurate estimate of the average losses in nutritive value 
which occur in the period between the harvesting and feeding of hays 
in the United States, 

The disastrous effects of rain on^ hay are a matter of common 
observation, but as yet we cannot estimate the extent of damage from 

* Hostibman, W. H., Kixmblbach, T. A., and Fbouk, Blvin F. alfalfa hat manaobuint studies. 
PreUm. Kept., Bor. Agr. Boon, and Nebr. Agr. Ezpt. Sta., 86 pp. 1984. [Mimeographed.] 
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any given amount of rainfall. Guilbert and associates (44^) carried 
out leaching experiments on bur clover, oat bay, and naturally cured 
range forage. The minerals showed the greatek percentage loss, and 
the loss of phosphorus exceeded that of calcium. The loss of crude 
protein ranged from 1 to 18 percent of the total, and of nitrogen-free 
extract from 6 to 35 percent of the total, according to the nattire of 
the forage. Probably the losses in nutritive value due to rain will be 
manifested to as great an extent in impairment of the palatability and 
in loss of color as in the loss of nutrients as determined by chemical 
analyses for the usual feed constituents. 

THE SPONTANEOUS HEATING OF HAY 

A certain amount of heating and fermentation normally occurs 
when field-cured hay is stored ii. the stack or mow. Ordinarily farmers 
intend to have the hay sufficiently dry at the time of storage so tliat it 
will heat only moderately. This'heating is popularly called sweating. 
The temperatures do not become so high as to materially affect the 
green color or the nutritive value. 

Wlien the hay is stored with a moisture content higher than is 
required to bring about normal sweating, the hay will sustain a 
marked loss of color and will become gray green to greenish brown, 
but the palatability and productive value will be affected little if 
anv except as the lower carotene content may reduce the productive 
value. 

A still higher moisture content will cause the hay to become brown 
or black, in which case all of the carotene is destroyed. The losses of 
dry matter and of feed nutrients in brown hay may be only a few 
percent and the palatability may be practically unaffected. How¬ 
ever. if the hay becomes black the losses of dry matter and feed nutri¬ 
ents are heavy and the hay has a distinctl}' lower palatability and 
proiluctive value. This is well shown by experiments at the Kansas 
Agricultural Experiment Station {1112), where a larce stack of hay 
having a moisture content of 53 percent, in which a large proportion 
became black, sustained a dry-matter loss of 39 percent. This loss 
included that due to weathering as well as to heating. Hoffman {526) 
reports that when smaller quantities of hay with 18 to 35 percent of 
moisture are stored iri a mow the losses of organic substance average 
about 13 percent. 

Besides the moisture content, the density and the size of the mass 
of hay have an influence upon the temperatures developed. Hay 
stored in narrow mow's or bents in a barn or in thin layers will not 
heat as much as hay stored in wide mows or to a considerable depth 
because of the freer circulation of air. However, if the former remains 
moist for a considerable time it becomes musty or moldy. 

Bacteria are responsible for most of the heat developed up to the 
thermal death point of the bacteria. Some may not be killed until 
the temperature reaches about 170° F. or perhaps even higher. Any 
further heating is due entirely to chemical changes. A number of 
theories have been advanced r^arding the substances which are 
formed in the hay through microbial activity and which readily ignite 
when exposed to air. Spontaneous ignition has been studied in the 
Bureau of Chemistry and Soils for years, and there are a number of 
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excellent publications on the subject. (See the article Losses in 
Making Hay and Silage, p. 992 .) 

SOILING 

Harvesting and feeding the crops green is called soiling. Although 
this practice results in a maximum utilization of the forage, since there 
is no wastage through trampling, as under grazing, and no considerable 
loss through curing, as with hay, it is not used extensively in the 
United States because more labor is required than if the crop is pas¬ 
tured. Harvesting must be done every day, as the cut crop heats 
readily, and this chore is inconvenient, especially \V^hen other farm 
work is pressing. .... 

The practice of using soiling crops throughout the entire growing 
season has been tried and almost invariably abandoned. In the first 
place it is impossible to arrange a succession of crop.s so that there will 
always be enough feed and not too much. Since it is necessary at 
times to resort to hay or silage feeding, and since a crop can be made 
into hay or silage more conveniently than it can be cut and fed green, 
there seems to be little advantage in using soiling crops as a regular 
summer feed. 

Soiling as a supplement to permanent pastures is more practicable 
and is being used in certain sections of the United States. The crops 
used for this purpose are usually rye, vetch, Sudan grass, millet, sov- 
beans, alfalfa, corn, sorghum, or some mi.xture of tliese. When the 
supply of permanent pasturage becomes inadequate some of these 
cr(ms are cut daily and fed. 

Dairy farmers appear to be the only ones who use soiling crops. A 
more usual practice even among dairy farmers is to graze such crops 
rather than to harvest them and feed them green. 

HAY 

FIELD CURING HAY 

Most of the harvested forage is made into hay instead of being fed 
green or made into silage. The yield is greater in the form of hay 
than in the form of pasturage, because frequent harvesting as in 
grazing reduces the total yield. On the other hand the crop for hay 
IS more mature and the nutrients are less valuable and less digestible. 
It has been estimated that the digestible nutrients obtained from the 
crop by grazing are about three-fourths as much as those obtained 
by ma^g it into hay. No doubt this estimate is subject to change 
depending upon the eneigy that must be expended by the animals in 
the act Of grazing. For example, if the grass is short or sparse, the 
energy expended in grazing is greater than if the grass is abundant. 
It is probable, therefore, that a smaller proportion of the nutrients 
ingestM would be available for productive purposes when the grass is 
short. 

Nearly all the hay produced in the United States is field-cured. 
Only a small proportion is artificially dried. The aim of the haymaker 
is to dry the crop with as little loss of leaves, color, and nutrients as 
po(w|^. Loss of leaves is much more pronounced with the legumes 
than idlth the grasses. When legumes reach a certain stage of dry- 
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ness the leaves shatter readily. In the case of alfalfa, Zink [1277) 
estimates this stage to be when the moisture content is 30 percent or 
less. This means that the necessary handling should take place as 
much as possible before the leaves are dry enough to shatter, and that 
any handling after that should be done in such a way as to reduce the 
shattering to a minimum or to save the shattered leaves. 

If hay can be cut in the morning after the dew is off and can be 
dried enough for storage the same day, the field loss of nutrients will 
be quite low except for those mentioned. Any of the hay that is ex¬ 
posed to rain or dew and thereafter to the sun will become discolored 
rapidljr. There is some bleaching even in the absence of rain or dew. 
For this reason hay should not, as a ride, lie in the swath overnight if 
it is dry enough so that it will finish curing in the windrow. It some¬ 
times happens, however, when the crop is heavy, the ground moist, 
sunshine lacking or the weather cool, that the hay will not dry out 
enough so that it can be raked into a windrow the same day it is 
mowed. Legumes should be raked before the leaves become dry 
enough to shatter. This will be some time before the hay is dry 
enough to store. The grasses may be left in the swath until they are 
diy enough to store, except that they should not be left there over¬ 
night unnecessarily. Even with the grasses it is better to finish the 
curing in the windrow in order to save more of the green color. 

An implenient that crushes the coarse, slow-drying stems at the 
time of mowing and by so doing facilitates the escape of moisture 
from them has been found to speed up materially the process of drying. 
The conditions under which the use of such an implement is economi¬ 
cal remain to be determined. 

The side-delivery rake (fig. 2) is superior to the dump rake in that 
it leaves the hay in a loosely packed windrow conducive to continued 

S )iil (.Irying and suitable for taking up with a hay loader. The side- 
ivery rake is more expensive, however, rakes no faster, and re¬ 
quires two horses instead of one. The one time when the dump rake 
is just as desirable an implement to use is when the hay is to be put 
in the cock immediately or very soon. It packs the hay in the windrow 
and there is always some hay next to the windrows that is not raked. 

The hay is usually stored direct from the windrow. In case of rain 
the windrows are scattered or merely turned to facilitate drying. If 
the prospects are for a number of rains before the hay can be stored, it 
would lessen the loss of nutrients and color to put the hay in cocks 
tliat would shed most of the rain. As a rule farmers prefer to handle 
tlie hay in windrows rather than cocks because cockmg means extra 
labor and precludes the use of the hay loader. If loading is to be done 
by hand, cocking does not greatly increase the labor cost because the 
hay must be gathered together for pitching onto the truck or wagon 
anyway. 

In regions where the common practice is to store hay m stacks 
instead of in barns, the hay is usually taken from the windrow with a 
buck rake and drawn to the stack, onto which it is elevated with a 
stacker. This is the easiest and most rapid method of stor^e known. 

The windrow baler is being used successfully to a limited extent 
(fig. 3). Unless the hay is well cured the bales not only must be tied 
loosely but when stored must have enough space between them for 
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side-delivery rake leaves the hay in condition for continued rapid drying. 
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aeration, whicli will facilitate the evaporation of moisture and the 
radiation of heat. Baling from the windrow is advantageous in that 
less shattering occurs and storage space is reduced. Also, if the hay 
must be shifted from one place to another before feeding, bales are 
much more readily handled than long hay. Twenty percent of 
moisture appears to be about the maximum amount that hay can 
contain without some special attention to aeration. The more 
moisture the hay contains the greater the necessity for aeration to 
prevent the development of excessive heat, the loss of color, and the 
formation of mold. Baled hay containing as much as 30 percent of 
moisture is likely to spoil regardless of aeration. 

In the drier regions of the West, alfalfa hay has been stacked* with 
over 30 percent of moisture and has come out of the stack with a good 
green color. Evidently the dryness of the atmosphere, the free 
exposure of the stack to the air, and possibly heavy stems that pre¬ 
vented close packing were factors that led to rapid drying of this hay 
in the stack. In humid regions if a considerable quantity of hay with 
more than 25 percent of moisture is stored in a poorly ventilatecl mow, 
it will become discolored and possibly musty. The grasses usually 
have a lower content of moisture than the legumes when they are put 
in the mow^ The stems are not so heavy and they dry out more 
quickly. Furthermore, as leaf shattering is not serious with the 
grass nays, they can be allowed to become well dried before storing. 

Field-cured hay is sometimes run through a cutter before storing. 
This saves half or more of the space needed for storage, depending 
on the IcTigth into wdiich the hay is chopped. The finer the chopping 
the less space is occupied, ('are should be taken not to overload the 
mow. Investigations by the Bureau of Dairy Industry (1038, 1266) 
have shown that chopped hay becomes hotter in the mow' and dries 
out less readily than unchopped hay with the same amount of mois¬ 
ture. The color is less well preserved in chopped hay. The length 
of cut is important. If the hay to be stored contains about25percent 
of moisture, w'hich is perhaps not much more than alfalfa, clover, or 
soybean hay usually has at the time of storage, it must be chopped in 
lengths noteless than three-fourths of an inch and too much must not 
be put in a pile. Even then the color and content of carotene will 
not be so well maintained as in similar hay stored unchopped, but so 
long as the hay is only slightly browned there will be no appreciable 
injury to the palatability as judged by the quantity consumed nor to 
the feeding value except with respect to the carotene. However, if 
tile hay becomes very brown or black the palatability and feeding 
value are impaired. ' Any hay that has lost all of its green color 
contains little or no carotene. 

It is advised that no hay containing more than 25 percent of mois¬ 
ture be chopped, and that any that is chopped be cut into lengths 
not less than tiiree-fourths of an mch. More moisture or shorter 
cutting not oniy lessens the nutritive value of the hay but it may 
present a definite fire hazard. As there is no satisfactory method by 
which the farmer can determine the moisture content of the hay, he 
wiii have to be guided by his judgment of its dryness in the same wray 
as when he stores hay in the uncliopped form. He should bear in 

* For reference, see footnote 3, p. 968. 
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Figjure 3.—Baling direct from the ^Hndrow is successful if the hay is not too moist and the bales are not too tight. 
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mind that drying should continue in the field until the hay appears as 
dry as or drier than is required to prevent excessive heatmg and 
discoloration if stored unchopped. 

Chopped hay is more easily removed from the mow for feeding 
than unchopped hay, and because the stems are chopped up with the 
leaves the opportunity for selection by the animals of the choicer 
parts and refusal of the less choice is lessened. There is some differ¬ 
ence of opinion whether it would pay to chop hay merely to secure 
more complete consumption, as the portions usually refused are those 
with a low nutritive value. Hay can be run through a chopper 
rapidly and it is unnecessary to have anyone in the mow to distribute 
it. This saves much hot work. It can be chopped and stored as 
rapidly as and with no more labor than unchopped hay can be stored 
with a hay fork and horse, bui not as rapidly or with as little labor 
as when slings are used on the unchopped load and a mechanical hoist 
lifts the hay into the mow. 

GRADES OF HAY AND THEIR RELATION 
TO THE NUTRITIVE VALUE 

There is probably more variation in the quality of the hay crop as 
pro(luced in the United States than in that of any other harvested feed 
crop. Although hay is ordinarily the basic feed around which all 
winter rations for horses, cattle, sheep, and goats are built, except in 
portions of the South and Southwest, feeders often have difficulty in 
utilizing it to the best advantage because of its poor quality. When 
animals are fed ^ood-quality hay they consume relatively large 
amounts and obtain a maximum amount of nutrients from the hay 
portion of their ration. Poor-quality hay is consumed in limited 
quantities, so tliat it supplies only a relatively small portion of the 
total nutrients required and must be supplemented with more costly 
grain and concentrate feeds. 

Quality in hay really means feed value. High-quality hay has 
certain physical and chemical characteristics that are associated with 
a high degree of palatability, a liberal supply of essential feed constit¬ 
uents, and a high digestibility. The important physical factors of 
quality which can be readily gaged in a practical way are: (1) Color, 
(2) leafiness in legumes, (3) maturity of plants when cut, (4) amount 
of foreign material, (5) condition, and (6) texture. 

Under most conditions the physical factors mentioned above are 
correlated with the palatability and the chemical composition so that 
the quality or grade of the hay, as judged by its CTeen color, leafin&ss, 
maturity, and other physical factors, is a good indication of its feedmg 
value. Exact quantitative determinations of the relations of quality 
and feeding value in hay can only be made by feeding expenments m 
which the quality of the hay and the feeding value are measured by 
growth, gains in weight, reproductive ability, and the productiim of 
meat, mUk, and other animal products. Little of such work has been 

^Tl) For many years farmers and livestock feeders, as a result of 
practical feeding experience, have recognized the value of gyeen color 
m hay. Even before it was found that vitamin A was associated with 
the green color and was essential to the health of the animal, color was 
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used as a quality factor in judging the value of hay. In establishing 
standards for hay, color was considered so important that studies were 
carried on for the purpose of developing methods of measuring it. It 
was found that the color could be measured in tenns of hue, brilliance, 
and chroma with an instrument using color cards of standard values. 
The hue value was found to be the only reading needed, and con¬ 
version charts for converting the hue reading to percentage of green 
color were developed (fi^. 4). A high percentage of natural green 
color in hay usually indicates early cutting, good curing, pleasant 
aroma, palatability, freedom from must or mold, and a relatively high 
carotene content. 

The discoloration due to sun bleach does not reduce the amount of 
green as rapidly as discoloration due to rain, because the sun-bleach 
discolorations are yellow or yellowish green and represent only a i)ar- 
tial destruction of the chlorophyll. Early-cut hay can receive a 
moderate amount of sun bleach before the green color is reduced below 
that required for the U. S. No. 1 grade, and rather severe sun bleach 
often will not reduce it below that required for the U. S. No. 2 grade. 
On the other hand, damage from showers and dews reduces tlu* green 
color very rapidly, and the brown discolorations caused by this type 
of damage lower the grade materially. Only light showers or one or 
two heavy dews are needed to reduce the green color below that 
required for U. S. No. 1 grade; and if the weather damage is moderate 
to severe, the hay will not have sufficient color for the U. S. No. 2 
grade. Severely weathered hay always falls into U. S. No. 3 or U. S. 
Sample ^ade. 

Color is also lost after the hay is put in the mow or stack. Condi¬ 
tions in storage that accentuate the loss of color are h^h moisture 
content, tight packing, and poor ventilation. Hay is rarely so dry 
that it can be stored without the loss of some of its color, ami under 
some conditions it may lose all of its gi’een color. Only minute 
quantities of carotene are found in hays that have become brown or 
black in storage. 

(2) Leafiness is not used as a graduig factor in the grass hays. 
Very little data on the chemical analysis of the different parts of 
grass plants are available, and therefore no attempt has been made to 
use leafiness as a grading factor for these kinds of hays. It is true, 
however, that early-cut hays have more leaf than late-cut hays. 
Therefore, leafiness does follow the grade to some e.xtent because those 
that i^’ade best based on stage of growth at time of harvest also have 
the highest content of leaves. 

The leafiness of legumes is probably the best gage of the actual feed 
value for this type of hay and therefore is an important physical factor 
in determining the grade of the hay. Alfalfa leaves contain on the 
average 24 percent of crude protein and 14.4 of crude fiber, while the 
stems contain on the average only 10.8 of crude protein an<l 38.3 
percent of crude fiber. In other words, the leaves of alfalfa have on 
the average over twice as much protein as the stems. The protein in 
the leaves is also probably more digestible than that in tne stems. 
Analyses blithe protein in the leaves and stems of several of the other 
common Hj^me hays indicate that they are very similar to alfalfa in 
this respect,' although such data are rather meager. 



Figure 4 ,—Colorimeter set-up for measuring hay samples. An area 12 inches in di¬ 
ameter is measured. The observer looks through tne eyepiece and sees a circular 
field. The top half is made up of the color of the hay^ the bottom half of standard 
Munsell disk colors. The disk colors are mixed by means of a spinning wedge, and 
the color of the hay and disks are matched by changing the area of the disks. 
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Leafiness is also related to the mineral content oi l^umes, and 
the leaves contain more calcium and phosphorus than the stems. The 
leaves of alfalfa hay are an excellent source of vitamin A, provided 
they are not discolored during the curing period, while tl stems are a 
relatively poor source of tliis yitamm. 

The percentage of leaves m legume hays w}ll be a octed by the 
methods of curing and handling. Ordinarily alfalfa ml! have 60 to 60 
percent of leaves by weight when cut, if it is cut at the proper stage of 
maturity. Analyses of hundreds of samples taken from commercial 
lots of alfalfa hay show that on the average such hay has 39 percent of 
leaves; in some cases the percentage of leav^ was as low as 15. These 
figures indicate that considerable leaf is lost during the curing and 
subsequent handling. 

(3) The stage of maturity at which grasses and legumes are cut for 

hay influences the quality by affecting the color, leaflness, and other 
quality factors. The quality of many excellent crops of grasses and 
legumes is virtually sacrificed because they are not cut early enough. 
It is impossible to produce high-quality hay from late-cut CTass and 
legume crops. The cell walls of young hay plants consist largely of 
cellulose, but as the plants mature the hgnin increases at a more rapid 
rate than the cellulose. ; 

(4) Fore^n material, as defined under United States hay standards, 
includes materials that are wasted in feeding operations. Noninju- 
rious foreign material mcludes weeds, grain straw, stubble, chaff, and 
other material not suitable for feeding purposes but occurring naturally 
in hay. Injurious foreign material includes sand burs, poisonous 
plants, harsh bearded grasses, and other matter which is injurious 
when fed to livestock. Foreign material is used as a grading factor, 
the grade being lowered in proportion to the amount present if the hay 
contains over a certain percentage of foreign material. The quantity 
permitted varies, depending on the type or class of hay. Foreign 
material gives the hay a bad appearance, and often undesirable weeds 
are spread because of the weed seeds in such hay. 

(.'>) Condition in hay refers to soundness or unsoundness. Since 
the factors of quality in sound hay have been discussed abov'e, the 
discussion here will be confined to the condition of unsound hay. 
Undercured, heating, and hot hay is hay containing excessive moisture 
and therefore is considered “out of condition.” Must is the sour 
fetid odor which occurs in hay that has heated, while mold is the fun¬ 
gus plant onanism that grows on the hay when moisture and tempera¬ 
ture conditions are favorable. Moldy hay is generally not as pala¬ 
table as hay that is free of mold, and it may fie harmful to certain 
classes of livestock. Molds present in sufficient quantity to be seen 
indicate that there has been a reduction in the feed value of the hay 
caused by the mold or other micro-organisms. 

Aroma in bay is rather elusive, yet any early-cut, properly cured hay 
has an odor that livestock relish and which probab^ affects its pala- 
tebfiity. Hay with a musty or earthy odor, indicating poor curing 
4|[^a|p«ge after storing, may not be reUshed by livestock. 

(6) ^^xture or size of stems in the various hay plants is dependent 
to a great extent on thickness of stand and on maturity at cutting 
time. Ordinarily it is not a factor in the grass hays such as timothy, 
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red toP) etc., but it is important with Johnson grass anH other grasses 
of the soi^hum group. Soybean hay also has a tendency to be coarse 
in texture, especially when grown from the seed types. This objec- 
tio' overcome to a large extent by heavy rates of seeding. Occa¬ 
sion ily, lots of alfalfa are found with undesirable texture because of 
having been grown on very fertile land or because, owing to late 
cutting and dry weather, the stems are very hard and brittle although 
of small diameter. Such hays are relatively unpalatable even though 
the color and leafiness may be satisfactory. 

ARTIFICIALLY DRIED HAY 

The nutrients of hay are perhaps better preserved by artificially 
drying it than by any other method of curing. There will be some 
unavoidable loss of carotene and of the more volatile nitrogen com¬ 
pounds in the process of drying, but in other respects the nutrients 
in the dried hay should be equal to those in the fresh green material. 
In the United States artificial drying has been confined mostly to two 
sorts of enterprises: (1) Farms where a specialty is made of a particu¬ 
larly high-class product, and something in the nature of the feed or the 
handling of the product must be better than on most other farms in 
order to justify an extra price for the product; (2) plants or farms where 
hay, usually alfalfa, is dried and ground for use in feeds for poultry and 
to a lesser extent for other kinds of farm animals. The costs of the 
drier and of operation have been high enough to preclude its profita¬ 
ble use by the average farmer. The cost of drying, the climate, and 
the value of the artificially dried hay as compared with naturally dried 
hay are factors to be considered in determining whether artificial 
drying is likely to be practicable. 

The studies that have been made are not sufficient to fix definitely 
the cost of drying. The type of drier, the fuel used, the moisture con¬ 
tent of the crop, the kind of crop, the length of the season during which 
material is available for drying, and whether or not the material is 
chopped or crushed before drymg all have a bearing on the cost. 
Prom data assembled by Gordon and Hurst {426) it is estimated that 
when the moisture content of the crop is 60 percent, about 30 gallons 
of fuel oil are required for a ton of dried hay like alfalfa or soybean if 
the crop is chopped and drying is done in an efi^cient type of drier. 
The cost of this on may range from 3 or 4 to 7 or more cents a gallon. 
To this cost must be added that for power, labor, depreciation, repairs, 
interest, taxes, and insurance. Gordon and Hurst estimate the power, 
labor, and fuel costs at $1.69 to $3.07 per 1,000 pounds of water evapo¬ 
rated. Assuming that 2,500 pounds of water is evaporated for each 
ton of dried hay, the minimum cost will be $4.22 per ton of dried hay, 
exclusive of overhead charges. The overhead charges depend mostly 
on how much use is made of the drier. They are not likely to be less 
than $1 per ton of dried hay and they may be several times as 
much. It appears, therefore, that hay which is no more than well 
wilted in the field cannot be dried for less than $5 per ton of dry 
material, and the costs are likely to run much more than this. If a 
considerable part of the drying takes place in the field the fuel and 
labor for finishing the drying artificially will be much less than if the 
crop is freshly mown or only wilted. Such a practice, however, would 
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defeat some of the objects of artificial drying, namely, the preservation 
of a maximum amount of carotene and the elimination of the weather 

hazard. • , . • • .. 

The next consideration is how much artificial drying increases the 
feeding value over that of sun-cured hay. No feeiling experiments of 
sufficient length have been conducted to show how dehydrated and 
field-cured hay compare. Probably there is no marked difference if 
the hay cured in the field is of good quality except in those cases where 
carotene is the limiting constituent. The digestible nutrients as 
determined by Newlander and associates {851) offer the best available 
basis for estimating the relative nutritive values of Sun-cured and de¬ 
hydrated hay. The total digestible nutrients of the sun-cured hays 
was 60.47 percent; of dehydrated hay, 63.76 percent, a 5-percent 
increase over the sun-cured. There is no doubt that artificial drying, 
when properly done, makes a hay that is superior to field-cured hay in 
color and content of carotene, nor is there any doubt that artificial 
drying usually lessens the field losses due to leaf shattering and 
weather damage. If the losses in field curing are, say, 25 percent, 
then for a ton of artificially dried hay an equivalent yield of field-cured 
hay would be 1,500 poundL Will the value of 500 pounds of hay equal 
the cost of artificially drying 1 ton? Ordinarily' it will not, but if the 
field losses are greater than 25 percent, which may veiy well happen 
with certain crops and weather conditions, and if at the same time the 
prices of hay are relatively high, then artificial drying may pay. 
However, unfavorable weather conditions rarely occur for a whole 
haymaking season, and if the drier is used only when good hay cannot 
be made in the field, the overhead expense becomes e.xcessive. It is 
probable that the use of artificial drying will develop slowly in the 
United States, partly because there is not the demand for it that 
there is in cooler and cloudier countries and partly because the silo 
offers another alternative in preventing weather damage to fori^e 
crops. Furthermore, artificially dried hay does not compete with 
sun-cured hay in commercial channels, as most of it is chopped before 
being dried and therefore it is not baled. 

HAY MEALS AND LEAF MEALS 

The principal object in grinding hays is to facilitate their mixing 
with other ingredients in making commercial mixed feeds. Well- 
cured hays provide some of the vitamins and minerals likely to be lack¬ 
ing in mixtures made up of seeds and their byproducts. Alfalfa is 
by far the most important hay used for grinding. As grinding masks 
to some extent the quality of hay, it has been much used in the past 
as a means of working off stemniy, weedy, and unsound hay. So far 
as the nutyitive value of the hay is concerned there is no evidence that 
grinding improves the palatability or digestibility. Theoretically it 
should reduce the labor of mastication and for that reason alone show 
a greater value than unground hay. Experiments show, however, 
that there is practically no difference between ground and unground 
roughages in feeding value. 

Roughages are often chopped or ground not only to save storage 
space, as discussed earlier in this article, but also to induce consump¬ 
tion of those parts of the roughage that in the unground state would 
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be refused and wasted. Grinding, of course, serves the same purpose 
but chopping is much cheaper than grinding. 

About 400,000 tons of alfalfa hay was ground hi the crop year 1938 
for use in the commercial mixed feeds. Most of this hay is ground 
by a small group of concerns which specialize in the production of 
alfalfa products - alfalfa meal, alfalfa-leaf meal, and alfalfa-stem 
meal. These products are used principally by the mixed-feed manu¬ 
facturers. The alfalfa-leaf meals are used in poultry and hog feeds, 
the alfalfa meals in poultry, hog, and dairy-cattle feeds, and the stem 
meals in molasses feeds for horses and nudes. 

The leaf meal is superior to that made from the whole ^ant in 
carotene and protein content. It also contains less fiber. Ferhaps 
the principal reasons for using leaf meal for poidt^ and hogs are its 
high content of carotene and the fact that the digestive systems of 
these animals are not adapted to the efficient utilization of crude fiber. 

The feed-control officials of the various States have certain fiber 
requirements for the different types of meal and a few have protein 
requirements. 

Alfalfa-leaf meal is produced by grinding alfalfa hay and then 
removing the leafy particles by sifting the ground material. The 
leaves pulverize more readily than the. stems and can be separated 
from the stem particles by a proper sifting device. The residue left 
after removing the leaf meal is called stem meal. A number of the 
manufacturers produce a special alfalfa meal, which is a product from 
which a part of the stem particles have been removed but which does 
not meet the requirements for leaf meal. This type of meal is usually 
sold under a trade name. 

As stated in the section on artificially drietl hay, much of this dried 
hay is ground into meal. About one-fourth of the total production 
of ground alfalfa is dehydrated meal at the present time. 

SILAGE 

Silage is a moist feed that has been preserved in the absence of air. 
The principal silage crop is corn. In those pai’ts of the country where 
sorgos yield considerably more than corn thej' arc used in preference 
to com. Also in those parts of the countiy where neither corn nor 
the sorgos do well, other crops such as oats, peas, and sunflowers are 
used to some extent. In recent years there has been a movement 
toward the preservation of grass and legume crops in the silo. Silage 
is not a necessary part of the ration for any kind of livestock. The 
succulence formerly thought to be unportant in rations has been shown 
to be unnecessary. 

The silo is useful in preserving the corn or soi^o hi such a way that 
the greatest quantity of nutrients will be conserved. It is also useful 
in preserving crops that might be badly damaged or lost if an attempt 
were made to make them into hay. Silage appears better adapted to 
ruminants, especially cattle, than to other classes of livestock. For 
these reasons silos are more numerous on cattle farms and in those 
sections of the country where com and the sorgos do well and Ae 
making of a good quality of hay is uncertam. Furthermore, as dai^ 
cows cannot be roughed through the winter like beef cows and stul 
give profitable quantities of milk, the silo is particularly adapted to 
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dairy farms in that it provides an abundance of palatable feed that 
can be fed conveniently to cows confined in a barn. An outstanding 
characteristic of silage is its high content of carotene if it is properly 
made from green crops. This also makes it particularly popular on 
dairy farms because of the need of the cows for carotene and vitamin 
A to be secreted in the milk. 

The unavoidable losses of dry matter in silage made in a good silo 
should ordinarily not exceed 10 percent. The spoilage on top and 
around the sides near the top is greater with the hay crops than with 
com. Suitable means for preventing this undue spoilage of the hay 
crops have not been worked out. There should be no more total loss 
of nutritive value in making silage than in making hay under condi¬ 
tions favorable for haymaking, and considerably less loss under 
conditions that are unfavorable for hay. 

SOME CHANGES THAT TAKE PLACE IN SILAGE 

When a fresh green crop is put in the silo a number of changes take 
place. Peterson and associates (pi8) have shown that green crops 
continue respiration and by so doing use the oxygen in the interstices 
of the silage and replace it with carbon dioxide. In a few hours the 
oxygen is exhausted and the gases within the silo are nearly all carbon 
dioxide and nitrogen. Comcidently the temperature rises and 
bacteria multiply rapidly. 

The temperatures attained depend on the quantity of air present, 
which in turn depends on the fineness of chopping, the firmness of 
packing, and the imperviousness to air of the silo walls and doors. 
Furthermore the temperature of the crop when put in the silo and 
the outside air temperature have an influence on the maximum tem¬ 
peratures attained. Silage as it is usually made in the United States 
generally does not reach a temperature above 100® F., except near 
the surface where the material is not packed tightly and where there 
is also some infiltration of air. The maximum temperature is reached 
in a few days, after which it slowly subsides. Hunter {563) states that 
silage temperatures are due to microbial activity and not to intra¬ 
molecular respiration of plant tissue. 

The principal food of the bacteria appears to be the sugars, pento¬ 
sans, and starches {918). Although some of the proteins are reduced 
to simpler compounds, the end products in the fermentation of carbo¬ 
hydrates are acids—^mainly lactic and acetic. The lactic fermentation 
is the one most desired. Wilson and Webb {1236) found that crops 
like com, the sorgos, and small cereal grains have a high content of 
easily fermentable carbohydrates. As these crops also have a low 
content of calcium and other basic elements, the acidity soon develops 
to a point indicated bv a pH value of about 4 or below. Other crops, 
like the grasses, may have less of the soluble carbohydrates and more 
of the basic elements, and for these reasons develop less acid. The 
l^mes wntain still less of the soluble carbohydrates, which with the 
high calcium content keeps the acidity low. ‘ These are the reasons 
for adding acids or fermentable carboKydrates to certain crops at the 
time they are put in the silo. 

Peterson and associates (515), working with corn silage, have shown 
that the numbers of bacteria, chiefly lactic acid producers, may reach 
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1 billion or more per cubic centimeter of juice in a few days. There¬ 
after the numbers diminish, and the low-acid types of bacteria {BaciUua 
lactic acidi) are replaced by types which both tolerate and produce 
more acid {LactobacUlus pentoaceticm). 

Swanson and Tague {1113) stated that a portion of the protein is 
converted into the amino form and also that low acidities favor such 
conversion. Peterson and associates (915) made alfalfa silage with 
and without the addition of mineral acids. The addition of acids 
reduced the content of water-soluble, amino, and ammonia nitrogen. 

FACTORS AFFECTING THE QUALITY OF SILAGE 

Addity 

Com, sorgo, and certain other silages have a sour taste due to the 
development of lactic and acetic acids. Because silages are sour, it 
has commonly been assumed that considerable acidity is a prerequisite 
to preservation. Recent work by the Bureau of Dairy Industry {1267) 
has shown that silages can be preserved effectively with the develop¬ 
ment of only slight amounts of acid and at the same time be palatable 
and possess a high nutritive value. The quantity of acid produced 
is said to depend on the amount of water-soluble carbohydrates in 
the plants, and it is known that young plants have less of these than 
older plants. If the quantity of acid developed depends solely on 
the content of soluble carbohydrates, then immature plants should 
make silages with less acid than mature plants. Investigations and 
practical experience both show that the reverse is true, at least with 
corn and the sorgos. Furthermore, it has been stated that either 
acids or carbohydrates from which acids can be made must be added 
to crops deficient in soluble carbohydrates if such crops are to be 
siloed successfully. It appears that there are factors other than the 
content of soluble carbohydrates that have a bearing on the quantity 
of acid developed in the silo. 

Acids unquestionably influence the character of the fermentation, 
but they are not necessary to prevent molding or rotting of the silage. 
Corn silage of rather high acidity (pH value below 4) will mold as 
readily when exposed to the air as will the fresh, green com. The 
only condition required to prevent molding or rotting is the quick 
expulsion or exhaustion of air from the silo and the exclusion of air 
thereafter. This in itself does not, however, insure an acceptable 
silage with some of the hay crops. Undesirable fennentations naay 
take place if the silage is very moist and the acidity at the same time 
is low. These fermentations are characterized by offensive odors 
that are generally attributed to the formation of butyric acid, and 
they may be prevented by adding acid. 

An important method of makmg silage, called A. I. V. (from the 
initials of its principal sponsor, A. I. based upon the 

employment of acids to prevent undesirable fermeirtations. While 
the addition of acids does prevent protein break-down and the develop¬ 
ment of offensive odors and lessens the losses of dry matter, certam 
disadvantages of this method have come to light. The acid is destruc¬ 
tive to any masonry or concrete construction, it is troublesome to 
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apply, it must be neutralized when the silage is fed, and it adds no 
nutritive value; but the princijjal disadvantage is that it seriously 
impairs the palatability of the silage. It was formerly thought that 
the acid was unusually eflfective in preserving the carotene. Recent 
work by the Bureau of Dairy Industry (1^44) has shown that much of 
the material that has passed for carotene by the usual method of 
determining it is in reality not true carotene. 

It is difficult to reconcile the undoubtedly good results from the 
acid treatment of silage in the north-European countries with the 
mediocre results of such treatment in this country. Possibly differ¬ 
ences in the methods employed will account in some measure for this 
lack of harmony. In Europe where the acid treatment is used, the 
usual type of silo is a pit in the ground 6 or 7 feet deep around which 
is built a temporary wooden superstructure 6 or 7 feet high. The 
silo Ls filled with fresh, unchopped grass on which is sprinkled the 
dilute acid as the filling proceeds. When the silo is full a foot or so 
of dirt is thrown on top. In the course of a week or so the silage 
settles to about the surface of the ground. The wooden superetructure 
is then removed. Much more air is trapped in the silo by tliis method 
than by American methods, by which the crop is almost invariably 
chopped before it is put in the silo. 

One of the conditions given for the successful use of the A. I. V. 
method is that the acidity be high—represented by a pH value below 4. 
A great many specimens of excellent silage made from hay crops have 
shown a pH value above 4, in fact most grasses and legumes made 
into silage without the addition of acid have a pH value well above 4. 
It is possible, therefore, that much less acid than recommended ma^ 
be enough to make a silage that smells good and at the same time is 
more palatable. No evidence of a conclusive nature has been pre¬ 
sented to show any necessity of reducing the pH value below a point 
wliich will prevent the butyric acid fermentation. An acidity repre¬ 
sented by pH 4.4 or even higher is said to be enough to prevent the 
formation of this acid. It is possible, therefore, that some modifica¬ 
tion of the A. I. V. method might prove practicable in the United 
States. 

Molasses is sometimes added when silage is made from the hay 
crops in order to furnish the carbohydrates from which acids may be 
formed. Swanson and Tague (1113) found that all the sugar dis¬ 
appeared, even when added at the approximate rate of 5 percent. A 
considerable number of investigations show that the addition of 
molasses results in a greater aciditv of the silage, but the quantity of 
acid developed fails to account for all of the sugar added in the 
molasses. In other words, a considerable part of the sugars in the 
molasses is changed to some compounds other than acids. Virtanen 
and Rarstrom (_1170') have presented evidence that sugais lower the 
pH value and increase the lactic acid only slightly. Increases in 
ethanol following increases in sugar indicate'that a considerable part 
of the sugar disappears through alcoholic fermentation. 

While molasses mcreases the acidity only^ slightly—with the grasses 
*9^ l^umes rarely^ to a point below pH 4—it does improve the quality 
of high-moisture silages made from the hay crops bv imnrovine the 
od(fr and by making it more palatable. 
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Temperature 

The temperatures of silage depend to a large extent on the quantity 
of air present in the silage. Dr. Gorini of Italy, in an unpublished 
report, has described a method of silage making which depends for 
its efficacy on the development of the proper amount of heat to dis¬ 
courage the bacteria producing butyric acid without killing those 
that produce lactic acid. Briefly, the method is to ensile the fresh 
young grass in layers 2 or 3 feet deep, always allowing each layer to 
neat to a temperature of 140® F. before the next layer is placed on 
top of it. Preliminary investigations of this method in the United 
States indicate that the silage produced is palatable and has a good 
odor but that the carotene content is much reduce*!. The principle 
of this method is employed in making stack silage in New Zealand 
and perhaps also in other countries. 

Moisture 

It has csommonly been assumed that silage must have a high content 
of water in order to keep properly. Samarani {1002), Eckles {293), 
and Swanson and Tague (lllS) showed many years ago that silage 
made from the hay crops was improved by reducing the moisture con¬ 
tent of the crop before it was ensiled. More recent work by the Bureau 
of Dairy Industiy (1039, 1267) and by Perkins and associates {909) 
bears out the findings of the earlier investigators. Low-moisture silage 
undergoes Iras ferinentation and a more desirable type of fermenta¬ 
tion than high-moisture silage, as evidenced by the lower losses of 
dry matter, the more agreeable ^or, and the* greater palatability. 
No silage possesses a more objectionable odor than that which is so 
full of water as to be waterlogged. Very high moisture contents in¬ 
crease the labor of filling the silo, and tne leakage of juice from the 
silo may be a nuisance. A moisture content of 70 percent or less in 
the crop will obviate leaking. By exercising proper precautions in 
regard to the exhaustion and exclusion of the air, crops with any mois¬ 
ture content ranging from 70 percent down to 10 can be preserved 
successfully in the suo. However, because of tlie practical difficulties 
in excluding the air from very low-moisture silages and the necessity 
for usin^ su^os with airtight walls and doors, the advice at present is 
to refrain from drying crops to a moisture content of less than 50 
percent, although investigations by the Bureau of Dairy Industry 
(1039) ^ow that material drier than this can be preserved in the silo 
with little loss of nutrients and in a form that is quite palatable and 
nutritious. The disadvantages of partial drying are that some of the 
carotene is lost in the interval between mowing and chopping and 
that the partially dried material packs less compactly than the moister 
material, thus increasing the difficulty of excluding the air. 

An y kind of silo that excludes the air and prevents the access of 
surface or seepage water will preserve silage effectively. This may 
be an ordinary upright or tower silo built of wood, brick, tile, stone, 
metal, or concrete; or it may be a pit, a trench, or a niore temporary 
structure, such as paper-lined snow fence. If the silo is to be used for 
the hay crops it is much more important that the walls and tloors 
should be airtight and that the walls be smooth than if it is to l)t> used 
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for com or the sorgos. So long as the essential conditions are met, the 
silage from one type of silo is equal to that from any other type. 

Ordin^y the best stage of maturity at which to harvest com for 
the silo is when over half the kernels have hardened so that no more 
milk is iJresent, but before they have all hardened. If harvested 
before this stage the yield of dry matter is reduced and the silage is 
likely to have an excessive acidity. On the other hand the content of 
carotene is greatest when the crop is greenest. Under some conditions, 
when carotene is likely to be deficient in the ration, as may very well 
happen with high-producing dairy cows fed a discolored hay, it is 
desirable to harvest the com at a time when the carotene content is 
more nearly at its maximum. Harvesting later, say at the stage usu^y 
thought best for shockmg, is advantageous in that a greater yield of 
dry matter will be obtained, but it is disadvantageous in that the drier 
silage will not have so much carotene, will not pack so well in the 
silo, and mav not be so palatable 

On some farms filling the silos may take 2 weeks or more. In that 
case it would be better to start filling in time so that at the finish the 
maturity of the com will not be much beyond the optimum stage. 
When drought occurs the crop should be put in the silo before it fires 
too badly, regardless of the stage of maturity of the grain. The crops 
should be chopped fine, in order to make them pack more closely in 
the silo and thus force out the air. There is no apparent advantage in 
adding acid, molasses, sugar, bacterial cultures, or any other sub¬ 
stance to com or the sorgos. Usuallj^ no trouble is experienced in 
making silage from these crops if the silo is reasonably tight and the 
material is moist enough to pack well. 

The grasses or mixtures of grasses and legumes used for hay and 
small-grain crops can be siloed almost as readily as com (fig. 5). The 
stage of maturity that is best for the making of hay is also best for the 
making of silage. Sometimes when the crop is immature and has a 
veiy mgh content of moisture or becomes waterlogg^ by external 
moisture, it develops bad odors. The legumes are more likely than 
the other crops to develop bad odors indicative of butyric acid forma¬ 
tion and the break-down of the proteins into simpler nitrogen com¬ 
pounds. For this reason special precautions must be exercised when 
they are made into silage. 

METHODS OF MAKING SlUGE 

IVhen no special treatment is accorded, the crop is merely har¬ 
vested and chopped into the silo, usually with not more than a few 
hours elapsing between the time it is cut or mowed and the time it is 
run through the ^age cutter. Such practice is successful in the making 
of silage from com, the sorgos (including Sudan grass), and the smaU 
grains, and if the moisture content is below 70 percent it is successful 
in.making silage from all other crops. 

Addition of Adds 

Hydrochloric and sulfuric acids are the acids most commonly added 
to the silage. They are diluted with about five volumes of water. 
The solution is then pumped into the silo and sprinkled n\ cr the 
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chopped material as it enters the sUo. The amount of the diluted acid to 
use to bring the pH value to a point below 4 is about 5 to 8 Mrcent 
of the weight of the crop, depending upon the kind of^p. Grn''«?es 
require the smaller amount and legumes the larger. When the b.iu,ge 
is fed, some such material as finely ground limestone is sprinkled over 
it in order to neutralize the acidity. One ounce is used for approxiiuate- 

Iv each 15 pounds of silage. ... j ^ r j 

More recently liquid phosphoric acid has been used to a limited 
extent. The theory is that the phosphoric acid will serve three 
purposes—^increase the acidity in the same way as hydrochloric and 
sulfuric acids, insure against any deficiency'’ of phosphorus in um ration, 
and return any that is not used to the soil in the manure. The quan¬ 
tity ad’vised is about 0.8 percent of the weight of the crop or 16 pounds 
(1% gallons) to the ton. With alfalfa this is not enough to reduce the 
pH value below 4. The silage produced has a good odor and is 
palatable, but there is as yet insufficient data to permit a statement 
with regard to the physiological effect upon the cows. ^ Before usii^ 
phosphoric acid one should be assured that the fluorine content is 
not great enough to cause injury when the silage is fed. • 

Addition of Molasses 

In the United States molasses lias been used to a slight extent ever 
since its possibilities for silage production were investigated by Reed 
and Fitch (962) in 1917, but in the last few years its use has increased 
enormously. Amounts are used varying from 1 percent to as much as 
7 percent of the weight of the crop. It appears that commercial 
concerns have overemphasized the importance of molasses. In some 
cases excessive amounts are advised, and in others it is advised when 
the need for it is not indicated. 

Molasses is added in a number of ways. It may be allowed to flow 
by gravity or by air pressure, undiluted, directly on the crop as it 
travels along the feed table of the cutter; it may be diluted and run 
into the blower of the cutter or pumped to the top of the silo; or it may 
be forced through an automatically regulating device attached to the 
silage cutter. A uniform distribution of the molasses is difficult by 
any of the methods now in use. 

The costs of each of the acid treatments and of the molasses will be 
much the same imless very large quantities of molasses are used. 
The cost of the materials alone will usually be at least 60 cents per 
ton of silage. To this must be added the extra labor required to 
apply the acids or molasses. 

High-Temperature Process 

The high-temperature process has not come into use in the United 
States. One reason for this is that it does not fit in well with the 
methods ordinarily used here in making silage. The practice in the 
United States is to fill silos quickly—sometimes in a single day. The 
hijgh-tetnperature process requires slow or intermittent filling in order 
tO^jMrmit the temperature of successive layers of the silage to reach 
i0 F. or thereabouts. Probably this method can be applied more 
conveniently to trench silos than to the ordinary tower silos. 
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Partial Drybig 

High-moisture legumes and the young grasses if siloed without 
some 8 ial treatment are likely to make malodorous silages tWt 
may tail the milk and in which much of the protein has been con¬ 
verted ill lo simpler and less valuable nitrogen compounds. Materials 
with more than 70 percent of moisture are likely to leak juice from the 
silo. This is not only objectionable for sanitary reasons but the loss 
of nutrients in the juice is considerable. 

Crops cut at the usual haymaking stage will have about 75 percent 
of moisture. The moisture may be higher than this if the crop is 
immature or if the soil is moist, and it may be lower than this if the 
crop is mature or if it is harvested in dry weather. In order to 
prevent leaking, the high-moisture crops will often have to be wilted 
before they are put in the silo. The time required for sufficient wilting 
depends on the amount of moisture which must be evaporated and 
on the weather. It may be only an hour or so, or it may be a day 
or more. 

The objections that have been raised to wilting or partial drying 
are: (1) Some of the carotene is lost during the wilting process; (2) 
there is no practicable way of telling when sufficient wilting has 
taken place; (3) it is more difficult to exclude air from the partly 
dried silage. In certain dairies featuring milk with a high vitamin A 
content the first objection may be important in spite of the fact that 
perhaps not over 20 percent of the carotene is lost during wilting and 
that there is still more than enough to maintain milk production and 
the health of the cattle. The second objection is of no great conse- 
C^uence because the range in moisture contents below 70 can be con¬ 
siderable witliout any particular disadvantage. The third objection 
can be overcome by topping out the silo with a load or two of high- 
moisture material. If the silage is very dry it cannot be depended 
on to tighten wooden silos by causing the staves to swell and close 
the cracks. The lower the moisture content of the crop, the greater 
is the necessity for tight walls and doors. 

Wilting or partial drying compared with no treatment improves 
the palatabdity and odor of the silage and obviates leaking; compared 
with the addition of hydrochloric and sulfuric acids, it is easier and 
less expensive, the silage is more palatable, and leaking is obviated; 
and compared with the addition of molasses, it is easier and less 
expensive, the silage is fully as palatable, and the losses both from 
fermentation and leaking are likely to be less. 

Chopiring 

All silages should be chopped finely rather than coarsely. This 
appears to be more important with crops having coarse stems or 
stmks like corn and with hay crops having a low moisture content 
than it is with high-moisture nay crops. Much of the coarser portions 
of com cut in long lengths is likely to be refused by livestock; long-cut 
hay crops with a low moisture content may not pack closely enough 
to prevent spoilage. In any event fine cutting makes it possible to 
put a greater tonnage m a given space. Tliere is some evidence that 
half-dned hay crops are more dimcult to chop than crops that are 
either wetter or drier. 



990 


YEARBOOK OF AGRICULTURE, 1939 


If there is a lapse in filling of more than 2 days, a layer at the top 
of the silage is likely to mold. This laver may be removed re 
filling is resumed, or it may be discarded when the silage is removed 
for feeding. 

USE AND LIMITATIONS OF HAY AND SILAGE AS FEEDS 

Silage is the dairy farmer's main reliance for winter feed in those 
regions of the United States where corn or the sorgos do well and hays 
are cured with difficulty. It not only provides nutrients at a nominal 
cost but also, because of its carotene content, provides for more perfect 
nutrition of livestock in regions where the hav is of poor quality. 
The nutrients in hay and silage are usually cheaper than those in 
grains. If good hays can be produced in abundance and cheaply, 
there is no particular need for silage. Good hays contain the elements 
for satisfactory nutrition and practically as much nutriment will be 
eaten in a ration of good hay alone as in a ration of good hay and silage. 
However, if the hay is not of good quality, more nutrients will be 
eaten m hay and silage fed together than in hay fed alone. SUage is 
also an excellent feed for beef cattle and sheep, but these classes of 
livestock are perhaps not so much in need of the carotene contained 
m silage as are dairv cattle. 

Cattle will do well on a ration having corn silage as the sole rough- 
age but not so well as if some hay is fed too. They will not consume 
as much nutrient without hay. and corn or sorgo silage is too low 
m proteins and mmerals. Corn and soigo silages are particularly well 
supplemented by legume hays. The best quantities to feed of silages 
made from the hay crops and the way in whiph thev can best be sup¬ 
plemented have not been worked out satisfactorily.' Tliose who have 
feeding high-moisture legume and grass silages advo¬ 
cate the feedmg of some hay along with the silage. Probablv the 
moisture content of the sUage will have an important bearii^ on 
^lelher or not some hey is to be fed. Low-moisture ailoKe (Xu 

Bureau of Dairy 

Industry {1039) m companson with a good-quality hav The con- 
tK?m o°f hav Zd“fh*» ‘Bat 
iUy kind of nonlegume, whether used as hay or silage hi a con 

an Xtt‘”st^V'’unleXXld ", 

n inimature st^e. Lyen then some nonlegumes contain too Httip 
stook. milking animals, AllToriSi other 
or noidegume, fail to contain sufficient available energy for 

feeding with more concentrated f™ds'u taditatd^J»3i""?f"'‘^^ 

hea^ta of Z^X“^ £Th. ' ‘B® B»ye auatain a 

The harvested forages not only provide the essential nutritive con- 
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stituents that are coDtained in seeds and their byproducts but they 
also pr< lie vitamins A, D, and G and most of the minerals in mucn 
greater (j iantities than do most of the concentrated feeds. If grown 
on soils tliat have no pronounced deficiencies and harvested and stored 
in a proper manner they will provide, so far as known, all or nearly 
all the essential nutritive constituents for livestock except common 
salt, and in some cases protein and possibly phosphorus. The diges¬ 
tive systems of poultry and swine are not adapted to the handling of 
large quantities of crude fiber such as are found in the harvested for¬ 
ages. For this reason forages are mainly used for these two classes 
of livestock to supplement mor<'. concentrated feed and to provide the 
nutritive constituents, vitamin A particularly, which may be lacking 
in the concentrated feed. Even the herbivora may at times need 
more energy than is contained in harvested forages; working horses 
and fattening stock are familiar examples, while lactating animals 
may require more protein and possibly more phosphorus as well as 
more energy. Concentrated feeds such as the cereals and byproducts 
of the oil mills, flour mills, meat-packing establishments, etc., are 
used to provide the protein and energy which may be lacing in the 
forages, and wheat bran, oil meals, or compounds of phosphorus, par¬ 
ticularly bonemeal, are used to provide the phosphorus. 

There are a niimber of important problems relating to hay and 
silage wliich remain to be solved. A few of them follow: 

The influence of the grade of the hay on the palatability and nutri¬ 
tive value should be determined in order that relative monetary values 
of the diflFerent grades may be estimated. 

The extent to which concentrates can be profitably replaced by 
forages is a matter of vital concern to all pei*sons interested in the 
economical feeding of livestock and in the conservation and improve¬ 
ment of the soil. 

The kind of bacteria that are responsible for malodorous silage and 
protein break-down and the conditions favoring their development 
should be determined in order that such conditions may be recognized 
and avoided. 

The conditions required for the certain preservation in the silo of 
hays field-dried to a point approaching that at which they are usually 
stored in a stack or mow should be investigated. Storage of the hays 
in a silo instead of a mow would lessen the hazard of fire as well as 
preserve more of the feed nutrients. 

The possibility of using cheap mineral acids in much smaller quan¬ 
tities than commonly advised should be studied. High acidity impairs 
the palatability and probably is not necessary for satisfactory preser¬ 
vation of the silage. 

The influence of phosphoric acid on the quality and nutritive value 
of the silage should be investigated. 



LOSSES IN MAKING HAY 
AND SILAGE 


by J. A. LeClarc > 


HERE is a thoroughgoing account of the losses that may be expected in 
hay and silage as compared with the fresh plant material. Under each 
heading the author first gives a general account, with recommendations, 
and follows this with a detailed summary of experimental data, including 
much technical material. He describes the newer methods of handling 
forage crops—including the use of cakes made of fresh grass—and the 
most important methods of preparing silage. 


HAY 

Until a very few jroars ago field curing was practically the only 
method ever used in preparing hay for storage. Considering the 
fact that even with normal practice and under normal weather condi¬ 
tions, haymaking in many sections of this country is accompanied by 
a loss of dry matter amounting to 10 percent or more, it follows that 
the loss to farmers each year may amount to at least 76 million 
dollars. If the weather during haying is unfavorable, the loss in 
nutritive value may easily be several times as great as normally, 
entailing a correspondingly larger financial loss. 

Studies of hay crops cured and stored by traditional methods as 
compared with newer methods appear to support the following 
conclusions: 

1. Field curing of hay, under ordinary conditions, is always accom¬ 
panied by appreciable mechanical losses of leaves—that portion of 
the crop richest in dry matter, protein, vitamins, ana minerals. 

2. Losses of valuable constituents of the hay as the result of rain 
may account at times in certain localities for as much as half the 
value of the crop (hence the old adage, “Make hay while the sun 
shines'’). 

3. Losses by artificial drying are small compared to those by field 
curing. 


* J. A. LeCIerc Is Senior Cbembt, Foo<J Keseareti Uh bloti, Ilureiui ol Chemistry nail Soils. 
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4. Artificial drying can be done in any weather. There is no loss 
from leaching, little loss of carotene, and little or no loss from shatter¬ 
ing of leaves. The product is a better feed than is the ordinary field- 
cured product. 

5. Since the leaves are the most nutritious portion of the crop, 
it is essential to cut the hay when the leaves are in greatest abundance. 
Artificial drying of hay is the surest way to save the greatest pro¬ 
portion of the leaves. 

6. The utilization, by artificial drying, of young grass (before the 
nodes are formed) might prove of great monetary value to farmers, 
especially in certain sections of this country where* weather conditions 
are favorable for the growth of grass, and where there is a lack of 
concentrated feeds. 

7. The processing of young dried grass (before the stems are 
formed) into so-called grass cakes by compressing machines appears 
from English experiments to have promise. Tlus process might prove 
worthy of study in certain sections of the United States. 

8. Young-grass cakes appear to have unusual food value. A stud.v 
of the chemistry and feeding value of young grass may reveal factors, 
now unknown, which have an important bearing on the health of 
animals and man. 

9. The utilization of young grass appeai’-s to be a means of increas¬ 
ing the national wealth bj' assuring better health to animals through 
a supply of feed richer in essential mmerals and vitamins than many 
of the feeds ordinarily used, and consequently producing more nutri¬ 
tious animal food for man. The conservation of young grass promises 
to play an important role in the agriculture of certain parts of this 
country. 

DATA ON HAYMAKING AND ON NEWER METHODS 

Losses in Field-Cured Hay 

.4ccordiiig to Flei.schinann {Sh‘4),^ the field curing of ha\' is always accompanied 
b\- profound changes in the constituents, even though the lo.sscs may be slight, 
aiul hence it Is not correct to refer to dried hay a.- “low-inoisture green fodder.’’ 

'The losses of total dry matter during haymaking may vary from 10 to 30 
percent; of digestible dry matter, from 1.5 to 35 percent; and of starch equivalent 
(1 pound of starch equivalent has an average net energy value of 1.071 therms 
(810)) from 25 to 50 percent. 

A picture of the los.ses in dry matter and protein is found in tables 1 and 2. 
which give figures for green alfalfa and for field-cured alfalfa hay. 

Table 1.—ITWg/it onrf /jercentnge of dry- matter and protein in I ton of green alfalfa* 


Iteui Total crop Lea\ os Steins 




1 - i . 


Pounds 

2,000 

580 

92.4 

1. 

1 

Percent 

100 

29 

4. 62 

15.93 

Pounds 
1,100 
220 
52.8 

1 

Percent I Pounds 
55 1 990 

20 i 360 

4.8 1 39.6 

24.0 . 

Percent 

46 

40 

4.4 

11.0 

Or V matter, -- .. - - - 

Protein in the green alfalfa . 

Protein in the <lry matter on basis of no loss of leaves 
or stems... - - . - 


» Basis of calculation; Leaves m green croi), M percent. Loss of leaves, 30 iiercent; of stein>. lO i>ercent. 


5 Italic numbers in parentheses refer to Literature Clteil, p. 1075. 
1413»4"-a0-(54 
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Table 2, —Portions of the green crop saved or lost on curing 


Portion saved 


Portion lost 


lost of— 

Total crop 

Leaves 

Stems 

Total crop ^ 

j Leaves 

Stems 


Lbs. 

Pet. 

Lbs. 

Pet. 

Lbs. 

Pet. 

Lbs. 

Pet. 

Lbs. 

Pet. 

Lbs. 

Pet. 

Green crop... 

1,580 

79 

770 

70 

810 


420 

21 

330 

30 

90 

10 

Dry matter .... 

478 

82.4 

154 

70 

324 

90 

102.* 

17.6 

66 

30 

1 36 

10 

Protein of green al¬ 
falfa_ 

72.6 

78.6 

36.96 

70 

35.64 

90 1 

19.80 

21. 5 

15.84 

30 

3.96 

10 

Protein of crop. 


15.2 


24.0 


11.0 1 


19.4 


24 


11 


On the basis that during field curing there is a loss of 30 percent of leaves and 
10 percent of stems, 1 ton of green alfalfa will yield 478 pounds of dry matter, con¬ 
sisting of 154 pounds of leaves and 324 pounds of stems. The amount of protein 
in the dried cr^ will be 72.6 pounds, of which 36.96 is in the leaves and 35.64 
in the stems. When compared to the amount of dry matter and of protein in the 
2,000 pounds of green alfalfa, these figures represent a loss of 102 pounds of dry 
matter during the curing process, equivalent to 420 pounds of the original green 
crop; and likewise a loss of 19.8 pounds of protein. In other words, 21 percent of 
the green crop (equivalent to 17.6 of the dry matter and 21.5 percent of the pro¬ 
tein) was lost during field curing. 

Table 3.— Composition^ digestibility^ and digestible nutrients in field grass and early 

hay^ on dry basis 



The losses in field-cured hay have been apportioned by Wiegner (1218) as 
shown in table 4. 

Table 4. —Distribution of losses of dry matter and of starch equivalent as the result of 

field curing of hay 


Dry matter 


Digestible 
dry matter 


Starch equiv¬ 
alent 


Respiration of crop__ 

Mechanical injury.. 

Fermentation In the stack. 

Iftj^aboHc processes in the animal. 


Up to 10 

5-15 

5-15 

5-10 

5-10 

5-10 

5-10 

5-10 

5-10 



10-15 




10-30 

15-35 

25-50 
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On the basis of a 26,000,000-ton crop of alfalfa, the loss of dry matter and of 
protein would be 1,326,000 and 257,000 tons, respectively. 

Besides this tremendous loss of protein and dry matter as the result of ordinary 
field curing, the loss of 30 percent of leaves during this process involves corre¬ 
spondingly large losses of calcium, phosphorus, and other essential minerals, for 
the leaves are the richest part of the plant in minerals as well as in protein and 
vitamins. 

Watson, Ferguson, and Horton {1194) analyzed fresh grass, hay from the field, 
and hay from stacks with the results shown in table 3. Under quite different 
haymaking conditions, of course, the results might be materially different. 

Losses in Curing 

The classical researches of Fleischmann {364) in Germany constitute the most 
important contribution to the study of hay and the losses that take place during 
field curing. Until tliis stud\^ was made it was generally believed that if the hay 
was cut and dried under favorable conditions, unaccompanied by any loss of leaves, 
the dried hay retained unchanged, and in toto, the feed constituents present in 
the green crop, and that the only difference between the freshly cut grass and the 
field-cured hay was physical and in the moisture content. 

Some of Fleischmann’s general conclusions are well worth reproducing here. 
It is a question, of course, whether European data can be applied to this country, 
especially to those localities where drying of hay in the field can be completed in 
at most 2 days owing to continuous sunshine. In Europe because of rains or 
heavy dew field curing frequently requires .several days. 

(1) If hay is dried the same day it is cut the loss, if any, will be small. 

(2) Slow^ drying (as on a sunless day) causes losses iii dry matter of 4 to 13 
percent. The longer the time required to dry, or the higher the temperature of 
drying in cloudy weather, the greater the loss of dry matter. 

(3) The loss of dry matter ceases, however, when the partly dried hay still 
contains 38 percent of moisture (or, in other words, when hay has lost 87 percent 
of its original moisture) even though drying .still be continued. 

(4) The loss (about 9 percent) due to vital activity (enzymes) is considerably 
more than the loss (2 to 4 percent) due to micro-organisms. 

(5) The drier the grass the greater the possibility of loss due to leaching from 
rain. When fresh or partly wilted grass is rained upon, the losses are due chiefly 
to activity within the cells. If wilted or dried hay becomes wet some loss may be 
caii.sed also by bacteria. 

(6) In live grass the loss due to bacteria is small. In dead grass thi.< los^ may 
reach 20 percent. 

(7) In freshly cut and freshly made hay the content of lecithin (a fatlike sub¬ 
stance containing phosphorus) averages about 88 milligrams per 100 grams of 
dry matter; in stored hay only 20 milligrams are left, a loss of 75 percent. 

(8) The amount of protein nitrogen is always greater in the freshly cut grass 
than in hay (calculated on the same moisture content). On the other hand, the 
amount of amides (protein decomposition products) is always greater in hay. 
During haying there is always a loss of protein nitrogen but not of total nitrogen. 
This loss is due to activity within the cells. Freshly cut hay may contain as little 
as 9 percent of amide nitrogen and dried hay as much as 33 percent, especially if 
this hay has been dried under unfavorable conditions. 

(9) There is always a loss of fat during haymaking, and this may be as high as 
40 percent. This loss occurs whether the hay is dried in the sun or in the shade. 
The decrease in fat is correlated with the decrease in dry matter. 

(10) No change has been noted in the crude fiber content. 

(11) The loss of starch is significant if the hay is dried slow’ly, but when the 
drying is done quickly the loss is reduced to a minimum. 

(12) The percentage of sugars decreases with the length of time of drying and 

with the temperature. . ^ , 

In a growing plant ingredients move from one part of the plant to another, 
especially toward maturity {151). In the drying of grass to hay there is a con¬ 
tinuation of this interchange of ingredients. , 

According to Watson {1187), the losses by shattering of leaves, leaching, 
fermentation in the stack, the destruction of the carotene, etc., when hay is made 
in the ordinarv way, may in the aggregate amount to 25 percent or more of the 
food vahie of tlie hay. Studies in Norway have shown average losses of ‘20 percent. 
In ordinary hav curing there is always a natural fermentation going on, with more 
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or less production of heat, depending largely on the 

maximum temperature as the result of r^*‘,f”aVter^the hav is siackwl^ 

days. A secondary fermentation is noted about 3 weeks after the hav is suMJked. 

The highest temperature noted in some of these experinieiits wm 150 F 

Under average conditions of haymaking in the British Isles the losses in feed 
value from harvesting to storing in stacks may aAiount to 30 percent or more of 
the starch equivalent and digestible crude protein, and in unfavorable weather 
these losses mav even exceed 50 percent (1189). l > 1 . 1 v j 

The losses that take place in the field and in stacks with both early hay and 
ordinary hay were studied by Watson and his associates (1194), with the results 
shown in table 5. 


Table 5—Losses of feed ,-onstitiienis that lake plme in ruring hoy 


Constituent 

In fielfi 

In .sfa(*k« 

Total 


Early 

hay 

Ordinary 

hav 

Early 

hay 

Ordinary 

hay 

Early 

bay 

Ordinary 

hay 

Dry matter.. 

Crude protein .. . -.- 

Starch equivalent- . - 

Protein equivalent. 

Percent 

1 18.0 

1 M. 3 

34. Ty 
23.0 

Percent 
14.3 
18. 6 
26. 7 
33 7 i 

Percent 

5.2 

2.2 

6. 8 

9. 0 

Percent 

5.7 

2.7 
5.3 

> +4. 3 

Percent 

23.2 
16. 5 

41.3 
32.0 

percent 
20.0 
21.7 
32 0 
20. 4 


’ Gain. 


During favorable years the losses of dry matter and of starch equivalent in 
ordinary hay averaged 8 and 20 percent, respectively; in bad years, 34 and 47 
percent" With early hay the respective losses were 13 and 25 percent in good 
years, and 23 and 44 percent in bad seasons. 

Table 6. —Total nitrogen^ protein nitrogen, and amide nitrogen in grass dried under 

different eonditwns 


How or w’here dried 'Kind of ura.^s 


Vacuum i. 

Greenhouse. 

Cellar.. 

Room.- - 

Vacuum ^.. 

j Festuca pra¬ 
te neie. 

.. -do. 

_do. 

- . do. 

Poa praten~ 
iit. 

.do. 

Onobrychia 

saliva. 

-do. 

.do. 

_do. 

Mixed gras 

-do. 

.do. 

Greenhouse.... 

Vacuum*. 

Shade . 

Greenhouse. 

Wilted in cellar. 

Vacuum *. 

In sun. 

Cellar. 

Vacuum*. 

Grass No. 

In sun. 

.do. 

Shade. 

/....do. 

\-...do. 


a 



u 

a 




Dtiyi Hr8. 


6 12 
7 12 
A 0 

3 

7 (» 
3 

5 0 

6 0 

7 0 
3 

5 0 

8 0 
3 

2 0 

3 12 

4 12 







t 

1% 

£3 

X 

■Ji 

a, "C 






c 

>» 


u 


a 


- 1 

°C. 

Pet. 

98 

23.0 

14 

20.6 

11 

21.1 

14 

21.2 

98 { 

26.1 

15 

24.1 

98 

20.2 

16 

18.8 

16 

18.2 

13 

19.0 

98 

22.0 

9 

21.1 

14 

21.3 

98 

21.6 

19 

20.7 

20 

19.5 

18 

18.6 


NitroKcn in water-lNitroRcn in water- 
free .substance an- ! free orif^lnal sub- 
alyzed ! stance 


Total nl- 
troK(‘n 



2\t. 

2.29 

2.44 
2. 43 
2.47 
2.92 


3.30 

3.36 


3.66 
3.68 
3.M 
3.91 
4.06 
3.87 
3.16 
3.22 
3.44 
3 66 











6 

. 




h 

If 


Wi 

‘3 a 

•gs 

o 

“g 

Ss 

a 

s 

S 



2- 


2 

a 





< 



. 

-- 

— 


_____ 



Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

2.01 

0.28 

2.29 

2.01 

0.28 

88 

12 

1.94 

.50 

2.18 

1.73 

.45 

70 

21 

1.78 

.66 

2.23 

1.63 

.60 

73 

27 

1.86 

.61 

2.28 

1.72 

.66 

75 

25 

2.67 

.25 

2.92 

2.67 

.25 

01 

9 

2.36 

.94 

3.05 

2.18 

.87 

72 

28 

2.98 

.38 

3 36 

2.08 

.38 

|80 

11 

2.45 

1.21 

3.36 

2.25 

1.11 

67 

33 

2.22 

1.46 

3.32 

2.00 

1.32 

00 

40 

2.00 

1.54 

3.32 

1.88 

1.44 

67 

43 

3.31 

.60 

3.91 

3.31 

.60 

85 

15 

3.11 

.95 

3.90 

2.00 

.01 

77 

23 

2.77 

1.09 

3.74 

Z68 

1.06 

72 

28 

2.83 

.32 

3.15 

2.83 

.32 

00 

10 

2.63 

.50 

3.08 

2.52 

.56 

82 

18 

1.90 

1.54 

3.10 

1.71 

1.39 

55 

45 

1.83 

1. 73 

3.04 

1.56 

1.48 

51 

49 


>CoDtroL 
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Fleis(*i»mann*s elaborately conducted experiments in drying hay (1) in a 
vacuum, (2) in the greenhouse, (3) in the cellar, (4) in shade, and (6) in sun, 
show that under certain conditions nearly one-half of the protein may be broken 
down into amides. This is especially true when the hay is being dried for several 
days in the shade. When dried under good conditions, however, hay may con¬ 
tain as little as 10 percent of amide nitrogen (table 6). 

The loss of leaves during the field curing of alfalfa under good conditions varies 
from 5.9 percent to 9.2 percent (see the article. The Nutritive Value of Har¬ 
vested Forages, p. 968). This is an important factor, for leaves are the richest 
part of the plant in food nutrients. Leaves of cereal hays constitute one-fifth of 
the weight of the plant. After the milk stage these leaves contain nearly one- 
half of the minerals and 40 percent of the fat of the whole plant (1091), 


Losses Through Leaching 

EiXperiinents conducted long ago in the Bureau of Chemistry showed that at 
least 30 percent of the phosphorus, 65 percent of the potash, and 20 percent of 
the nitrogen may be washed from dried plants by rain (672) More recent experi¬ 
ments by Guilbert, Mead, and Jackson (JJ^) show that losses from leaching 
may be as high as 67 percent of the minerals, 35 percent of the carbohydrate 
(nitrogen-free extract), and 18 i>ercent of the protein. Only a slight loss of fat 
was noted, "rhe crude fiber content of leached plant.s was actually higher than 
before leaching, owing, of course, to the large losses of the other constituents. 

Lo.ifies in Vndercured or Wet Hay 

It is well known that hay stored in mows or stacks in an undercured condition 
or cured hay allowed to become wet from any cause after storage is subject to 
excessive spontaneous heating, and such heating may progress to temperatures 
sufficiently high to produce ignition. The annual fire loss in the United States 
duo to the spontaneous ignition of hay has been estimated as high as $20,000,000. 
The spontaneous heating may stop short of ignition, but even then the hay will 
suffer very serious deterioration and often complete destruction of its feeding 
value. Losses of this nature probably are even greater than the losses from fire. 

In brown and black alfalfa, which is made by stacking partly wilted alfalfa 
with air excluded, Swanson, Call, and Salmon (1112) found enormous losses in 
protein, crude fiber, carbohydrate (nitrogen-free extract), and fat (ether extract). 

Truninger (1151) found that excessive fermentation in storage resulted in losses 
of nitrogen-free extract as high as 40 percent. In only one case was the loss of 
digestible pure protein less than 50 percent, and in some cases it was complete. 

Hoffman and Bradshaw (526) report very serious losses of organic substance in 
the storage of alfalfa of high moisture content. The losses involved chiefly the 
fats (maximum 47 percent), the sugars (maximum 94 percent), and the hemicel- 
lulose group—the more digestible portion of the plant framework (maximum 52 
percent). Under the more extreme conditions cellulose and crude protein also 
were attacked. 

It is generally agreed that the initial production of heat in a mass of undercured 
or wet nay is due mainly to the respiration process of the living plant cell and to 
the activity of micro-organisms. These agencies are capable of raising the tem¬ 
perature oi the hay to as high as 158® F. or slightly higher. Temperatures above 
this (the death point of micro-organisms) cannot be due to biological causes. In 
the effort to account for the subsequent rapid rise of temperature that is neces¬ 
sary to produce ignition, various and sometimes conflicting hypotheses have been 
proposed. That of Browne (162) appears to be the most deserving of considera¬ 
tion. It is based on the assumption that micro-organisms in the absence of 
oxygen first produce unsaturated, highly unstable intermediate fermentation 
products whose subsequent oxidation generates the heat that may ultimately lead 
to ignition. 

Losses of Vitamins 

During sun curing of hav a considerable proportion of the carotene is destroyed 
Gordon and Hurst (426) sKow that sun-cured alfalfa contains 36 parts pc'r million 
of carotene, or only about one-third that found in artificially dried hay. The 
relative amounts of carotene in sun-dried and artificially dried U sprdeza was 
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found to be 52 and 76 parts per million, respectively; in sorghum, 17 and 27; 
and in soybean hay, 42 and 64. 

The carotene content of artificially dried grass was found by Watson (1187) 
to be 34.6 milligrams in 100 grams; that of A. I. V. silage, 46 milligrams; that of 
low-temperature silage, 39.5 miUigrams; and that of meadow hay, only 1.6 milli¬ 
grams. As much as 80 percent of the carotene may be lost during the first 24 
hours after cutting (998) ^ most of this loss being due to enzymic action associated 
with favorable moisture and temperature conditions. Hay cured away from 
\iltraviolet light—^for example, incmors—or by artificial heat in a drier retains 
most of its vitamin A (107d). 

Intermittent sunshine and rain while alfalfa is in a swath causes the alfalfa to 
become bleached as well as to suffer an almost total loss (96 percent) of its vitamin 
A. 

Vitamin Bj in hay is present to the extent of 1 to 3 International Units per 
gram. This vitamin, being easily destroyed by heat, can deteriorate in storage 
and during the harsh treatment of curing to the point of almost total destruction 
(1162), 

When hay is exposed to rain it loses a considerable proportion of its vitamin G. 
Exposure to dry weather even for 4 days did not, however, affect the G content 
(561), 

While curing hay in the sun causes it to lose its vitamin A, curing in the 
absence of light prevents the development of vitamin D. Synthesis of vitamin 
D occurs only when alfalfa is cured in the sun (1076). 

Artificially Dried Hay 

Researches and experiments during the past few >ears have shown that methods 
other than field curing for the preparation of hay for storage were deserving of 
attention. The freshly cut grass besides being field-cured can now be ensiled, 
artificially dried, or, as is sometimes done in England, dried and compressed into 
^^cakes.'' Ensiled or compressed hays have the advantage that they cannot 
easily be set on fire, whereas hay in stacks or in mows is always a fire hazard. 

In the study of hay in the laboratory it was noted that when the hay was dried 
quickly in preparation for chemical analysis, it lost little or no dry matter, whereas 
the same hay dried in a cool, well-ventilated room lost 6 to 12 percent of dry matter 
(364), This difference quite naturally suggested quick drying of freshly cut grass 
in order to minimize the loss of dry matter. 

At present only an insignificant percentage of the hay crop is thus quickly (or 
artificially) dried; in fact, not much over 100,000 tons. In the United Kingdom 
continent of Europe a still smaller tonnage of hay is thus prepared 

The object of drying green crops artificially is to retain the various factors that 
characterize hay of good ^ality. There are several types of driers—tray, belt, 

These different forms of driers are as follows (971): 
(1) Tray driers we batch driers in which the grass is liand-shaken from one 
tray to another, halfway through drying, in order to facilitate even drying; (2) 
belt driem, in which the fresh grass is put in at one end and emerges dry at the 
other without handling; (3) rotary or drum driers, in which the grass is dried in a 
revolvmg drum, the herbage being agitated mechanically while under the influence 
of the furaace gw; (4) pneumatic driers, in which the grass is dried as it is carried 
along m the drying current. 

The expense of artificial drying is an important consideration. A drying 
machine must p^ for itwlf by producing a product of greater monetary and 
nutritive value than field-cured hay. « « 

In artmeial drying the losses of nutrient constituents, if any, should not exceed 
5 percent unless excessive shattering of leaves takes place. In general, the tem- 
perati^ of drying is a minor factor in affecting the quality of the product, pro- 
yid^ it is removed from the drier as soon as dry. So long as the plant has moisture 
that can be evaporated it will not be injured during the drying process. A pneu¬ 
matic dner with M initial or inlet temperature as high as 1,472® F. may pro^duce 
dry grass of excellent quality (971), ^ ^ 

feperimente in drying gr^ indicate that the inlet temperature of 250® to 360® 
F. did not affect the Agestibility of young dried grass, although with an initial 
temperat^ of 400® the grass lost appreciably in digestibility of the protein 
dump 2 to 6 mmutes of drying (522), ^ 

CMpf;oxperiments show that a temperature of 480® to 636® F. for 40 seconds 
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did not reduce the availability of the protein or calcium H90). Grass dried by 
direct heat in sl kiln at 239° for 3 hours was only slightly less digestible than when 
dried with steam at 212° {1257). 

It has been demonstrated that the temperature of the drying gas does not 
affect the carotene content of hay or the digestibility of the* protein {1187), as 
table 7 shows. 

Table 1.—Carotene content and the digestibility of the protein of hay dried 
at different temperatures 


Results at a temperature of- 


Uem 


I 17*)° F. 284° F. I 482° F,' f>*)2° F. 


Carotene content, per 100 grams of dry matter . . milligrams 
Digestibility of crude protein . . percent 


20. H ! 30. 7 
77.8 i 70.7 


34.7 ... I 
72 8 78. 6 I 


39.0 

81.9 


It lias been shown by Kane and coworkers {60T) that ordinary market hay 
may frequently contain as little as one-tenth tiie carotene in the green crop, and 
that alfalfa quickly dried in a tunnel drier at 260° to 264° F. may have as much 
as seven times the vitamin A content found in [loor-tjuality hay; that wiien alfalfa 
was dried in a rotary drum, being momentarily exposed to a temperature of 
1,200° to 1,382°, its carotene content was almost as high as in the freshly cut crops 
and 2 to 10 times as much as in the held-cured alfalfa. If, however, the artificially 
dried alfalfa is subsequently exposed to sunlight, it may lose much of its carotene. 
The amount of loss on exposure to sunlight is dependent largely on the tempera¬ 
ture during the time the dry hay is exposed, there being no loss at 32° in 8 weeks' 
time. At 68° to 86°, however, the loss may reach 30 percent. Alfalfa can, there¬ 
fore, be stored even in the light during the cold months without loss. 

When, however, the green material has once become dried and is then kept 
exposed to hot air, there is a loss of both vitamin A and of digestible protein 
{1188) (table 8). 


Table 8 . —Effect of excessive drying at various temperatures on the quality of hay 


Tem¬ 
pera- 1 
ture 
(° F.) 

1 ; ! 

Time j ! Dlgest- 

i ' 

Tem¬ 
pera¬ 
ture 
(° F.) 

; S'r. ^- 

Digest¬ 
ible pro¬ 
tein 

Tem¬ 

pera¬ 

ture 

r F.) ' 

Time 
of ex¬ 
posure 1 

Caro¬ 
tene 
per 100 
grams 

: Digest¬ 
ible pro¬ 
tein 


Min- ! Milli- i 


, Min- 

MUli- 



Min¬ 

Milli¬ 



utes i grams ' Percent 


1 utes 

grams 

Percent ! 


utes 

grams 

Percent 

320_... 

/ 10 1 26.1 ; 82.9 

I 356... 

r 10 

16.8 : 

83.4 1 

1 302,... 

1/ 10 

7. 7 

41.3 

\ 60 1 4.7 46.4 1 

; 1 

11 60 ■ 

2.0 

27.8 : 

\ 60 

0 

9.9 


Green pasture grass and the same grass after drying at different temperatures 
has been analyzed with the results shown in table 9 (522). 


Tabt.e 9. —Chemiced composition of fresh and dried pasture grass, on diy‘ basis 


Condition of grass 

Dry 

matter 

Protein 

Grade 

fiber 

Ether 

extract 

Nitrogen- 
free ex- ! 
tract 

Calcium' 

Phos¬ 

phorus 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Green. .. 

24.0 

16.4 

1 21.6 

, 3.9 

46.0 ' 

0.76 

0.48 

Sun-cured for 18 hours. 

92.2 

18.8 

20.5 

3.5 

44.6 ; 

.73 

.65 

Dried at 260“ F. 

92.4 

17.6 

20.2 

4.6 

46.5 ; 

.73 

.52 

Dried at 300° F.. .. 

92.7 

17.8 

1 21.0 

6.1 

43.8 1 

76 

.56 

Dried at 360° F.. 

92.6 

' 18.2 

21.0 

4,3 

44.9 , 

67 

.52 

Dried at 400° F .- 

93.2 

18.0 

! 22.9 

5.0 

42.5 

r>9 

.58 
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McClure {719) gives equally interesting results after having analyzed green 
pasture, field-cured hay, and artificially cured hay (table 10). 

Table 10 .—Composition of fresh^ field-cured^ and artificially dried hay. 
on water-free basis 


Condition of hay 

Moisture 

Ether ex¬ 
tract 

1 . , 1 Crade 

1 fiber 

_____ :• 

Crude pro¬ 
tein 

Nitrogen- 
free ex¬ 
tract 

Green____ 

Field cured.. 

Artificially cured... 

Percent 

73.0 

16.9 

4.4 

Percent 

2.9 

2.1 

2.5 

Percent 

9.5 

6.9 

9.1 

Percent 

27.6 

28.2 

27.4 

Percent 

19.1 
13.7 
18.5 

Percent 
40.9 
40.1 
42.5 


This same author found that drying at a temperature up to 250° F. did not 
injure the color of the hay, but concludes that artificial drying should not super¬ 
sede field curing in localities where ideal haying conditions prevail. 

Woodman, Bee, and Griffith (1267) give results showing the coefficient of 
digestibility of the constituents of freshly cut and of kiln-dried grass (table 11). 


Table 11 .—Coefficients of digestibility of freshly cut and kiln-dried grass 


Constituent 

Freshly 

cut 

grass 

Kiln- 

dried 

grass 

Constituent 

Freshly 

cut 

gra.ss 

Kiln- 

dried 

grass 

Organic matter. 

Crude protein_ _ .. 

Fat (ether extract) . 

Percent 

79.3 

81.3 
57.2 

Percent 

79.4 

78.2 

73.7 

Carbohydrate (nitrogen-free 

extract) _ _ 

Crude fiber. 

Percent 

80.3 

80.2 

Percent 

80.4 

81.0 


It is concluded that direct heat in a kiln does not depress the coefficient of 
di^stibility. 

While the temperature of the inlet gases (which come in contact with the 
young grass) mav be as high as 302° F., the temperature of the grass itself never 
rises beyond 176 -194° so long as active evaporation of water is taking place. 

In the use of a band drier, with inlet temperature of 392° F., grass was dried 
down to 10-percent moisture content in 10 minutes, the amount of digestible 
protein being only slightly depressed. When, however, grass was dried in a 
pneumatic conveyor in 15 seconds at 1,112°, the digestible protein was appreciably 
decreased (1191). 

Artificial drying also saves space. Dried, chopped grass, for example, will 
require only about half the storage space needed for ordinary hay. 

Young Grass 

The artificial drying of young grass, or short leafy herbage, l)efore the stemming 
stage or before the nodes appear is a relatively new’ idea in the production of hay. 
Such young grass is extremely rich in protein, fat, minerals, and vitamins. When 
it is cut weekly, the amount of protein in the grass after being dried may be as 
high as 21 percent; when cut at intervals of 3 weeks, the protein content will be 
atout 19.3 percent; at 4-week intervals, 17.2 percent; and at 5-week intervals, 
14 TOrcent (&7i). The cutting and d^ing of young grass to make a concentrated 
feed is a more urgent problem in England than m the United States. The 
fre^ent rains in England also favor the growth of grass. 

The composition and digestibility of fresh and dried young grass (table 12) have 
been studied by Watson (1187), the inlet temperature of the drier being 392° F. 

Drying o^oung grass apparently does not affect the content of vitamins A, B, 
G, or D. The carotene is retained almost entirely. If, however, the grass is 
wilted for 6 hours before artificial drying, as much as 14 percent of the carotene 
may be lost. Young grass has been found to be effective in giving animals 
greater powers of resistance against disease. It has been noted, for example, that 
white scout in calves and udder troubles in cows are less frequent when dried 
young gtMi is fed (971). 
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TABr.e 12 .—Comjwsition and di^stihility of fresh and dried grass^ on uxiter-free basis 



Fresti grits^ 

1 Dried grass 

Constituent 

- 


--- 

-- 


Composition 

Digestibility 

ComrKi.sitlon 

Dige.stibility 


Percent 

Percent 

Percent 

Percent 

Crude fiber - . 

21.9 

80.4 

21.9 

78.1 

Crude protein_ .. 

17.6 

77.6 

17.6 1 

72.6 

Carbohydrate (nitrogen-free extract) 

44.9 

77.6 

45.9 1 

77,0 

Organic matter. .. 

86.6 

77.3 

88.6 1 

76.7 

True protein. _ 

13. 1 

70.8 

16.9 

72.2 

Minerals (ash) . _ 

13.5 


11. 5 

- 


Instead of merely drying the young grass, so-called grass cakes have been made 
by first steaming the grass in troughs in order to dry it to less than 10 percent of 
moisture and then compressing this dried grass with a hydraulic press to a density 
such that 2,000 pounds occupied a space of 40 cubic feet. This grass cake con¬ 
tained 23 f)crcent of protein, or 2}4 times as much as is found in ordinary hay, and 
retained the original grass color (1264). 

The percentage of filler in dried young grass is less than in hay. Further, the 
fiber is practically as digestible as that of fresh grass. A yield of 3)4 tons of dried 
young grass per acre is obtained when ciittitigs are made monthly. It is claimed 
that young grass provides more protein per acre than almost any other crop, except 
possibly marrow-stem kale.® One hundred pounds of dried young grass contains 
13 to 14 pounds of digestible protein and 67 pou/ids of starch equivalent. A cow 
giving 5 gallons of milk a day will obtain all the protein, energy, and minerals 
recpiired by consuming 33 to 34 pounds of dried grass. 

After having been dried, young grass may tn* ensiled as well as compressed. 

SILAGE 

Tlie curing or preserving of legumes and grasses by ensiling in order 
to produce high-cjuality roughage is not only a source of national 
wealtli but is destined to play a role of paramount importance in the 
agriculture of the future. 

Such a product is known as silage. According to one definition 
(t tOS) silage is a succulent fodder, made from fresh forage crops by 
storing them in a stack, trench, pit. or silo, from which air is excluded 
as much as possible; according to another, it is a preserved fodder that 
has acquired a more or less aromatic odor and an acid taste without 
putrefactive or moldjr flavors (S3); and according to a third, it is 
moist feed conserved in the absence of air (see The Nutritive Value of 
Harvested Forages, p. 981). Woodman and Amos (1355) divide 
silages into five distinct groups: (1) Sweet, dark-brown silage; (2) 
acid, %ht-brown silage; (3) green, fruity silage; (4) sour silage; and 
(5) musty silage. 

Silos are of more recent origin than granaries. Columbus found 
that the Indians used pits or trenches to preserve their grain. But 
antedating that by centuries, Pliny tells of grain being stored in pits, 
as airtight and air-free as possible, in Greece, Spain, and Africa. 
Varro, who lived during the second century (116-27) B. C., relates 
how grain was kept for over 50 years in pits. It is also known that 
in ancient Egypt silos constructed of masonry were used for preser^^ng 
grains. 

In Metz. France, in 1707, there was uncovered a granary containing 

* Daily DJirost, L’. K. Dopartmfril of AKrietilture, May 26, 1936. tMinioofrr phod J 
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grain that had been stored in 1528 and that was still in such good 
condition that, it is claimed, good bread was made with flour mflled 
therefrom. Green forage is said to have been preserved during the 
early history of the Baltic Provinces and in Sweden, where the imcer- 
tainty of the weather rendered difficult the proper curing of hay 

(im). 

According to Samarani (lOOS) mention is made by John Symonds 
(University of Cambridge, 1786), of the ensiling of leaves by the 
peasants of Italy. The leaves were gathered in the cool of the day, 
allowed to wilt for 3 to 4 hours in sunlight, placed in wooden tanks 
that had been partly buried in the soil, compressed, and covered with 
earth. The tanks themselves were then covered with straw and more 
earth. This procedure is quite similar to the Crema process used 
today and described later in this article. In the course of time the 
buried tanks were modified into above-ground silos, made of wood, 
stone, concrete, and other materials. The present-day silos are in 
general not very different from those in use during the early years of 
the eighteenth century. 

In 1875 Goffart, in a paper presented to the Soci6t6 Centrale 
d’Agriculture de France (25), related his experience with com silage. 
He IS reported to have said that at the time he purchased his farm in 
1840, 8 scrawny cows and 120 sheep lived a miserable existence, 
whereas “today the same farm (300 acres) nourishes abundantly 68 
cattle, 6 horses, and 300 sheep.” The method of ensiling used at 
that time was somewhat similar to the American tower process. Ac¬ 
cording to Woll (1261), Goffart may justly be called the “father of 
modem silage.” 

The first silo built in the United States, also according to Woll, 
is said to be that erected by F. Morris in Maiyland in 1876. With 
a yearly production of over 60 percent of the world com output and 
the consumption of some 40 million tons of silage made chiefly from 
com, the United States is justly known as the land of silos. 

The amount of com silage produced per acre in the IJnited States 
ranges from 4 to 20 tons. Depending larcelv on the nature of the 
crop and the locality, as much as 40 tons of silage (in the case of sun¬ 
flowers, for example) may be produced per acre. A com crop that if 
allowed to mature would yield 50 bushels of shelled grain to the acre, 
would produce 8 to 12 tons of silage. A ton of ensiled com would 
have yielded on the average only 5 to 5K bushels of shelled grain 
(1264). 

The feed value of com silage is evident when it is realized that 100 
pounds of dry matter contain 4.3 to 4.8 pounds of digestible crude 
protein and about 40 pounds of total digestible nutrients (621). 

Though com is the principal crop utUized for silage in this country, 
grass silage can be made as advantageously in many places, and 
sometimes naore economically than field-cured hay. 

Practices in different countries have shown that almost any herba¬ 
ceous crops can be used singly or in combination in making satisfac- 
to^ sUage. These crops include com, oats, and vetch, alfaffa, clover, 
and other lefinimes, timothy and other grasses, sunflower plants, beet 
tops, potato ^ves and stems, soybean plants, and others. The only 
crops themselves satisfactorily to ensiling are the 
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root crops and those belonging to the Brassicaceae family (cabbage, 
kale, etc.). 

Cured hay deteriorates in feed value, while ensiled grass can be 
kept a long time with relatively small loss. Further, there is never 
any loss of ensiled grass as the result of farm fires, whereas 20 percent 
of the 150 million dollars’ worth of farm property destroyed by fire 
each year is due to spontaneous combustion of stored hay. Grass 
silage contains about 70 percent of water and will not bum. There 
is relatively little loss of protein and dry matter--generally not more 
than one-fourth of the starch-equivalent or one-twentieth of the pro¬ 
tein—in good silage compared to the losses of these constituents in 
haymaking even under favorable weather conditions. 

Immature grasses, as a mle, make better and more palatable silage 
than do mature crops. The same applies to the making of hay. The 
chopping of grasses and legumes increases the amount of material that 
can be ensiled. Partial drying also increases the amount of dry 
matter than can be stored in a given space, but it tends to increase the 
surface spoilage {1267). 

It is generally admitted that good silage can be made in all types of 
upright silos if they are airtight. Silos with a gravel or concrete floor 
and with an open drain generally produce the most uniform silage, 
although many good silos are not provided with drains {821). 

Data given by Hosterman {543) and by Hamlin {463) show that the 
space occupied by silage is approximately 44 cubic feet per ton, as 
against 470 to 485 cubic feet per ton for stacked alfalfa or 625 to 640 
per ton for stacked timothy. Large bales (box-pressed) of hay require 
about 200 cubic feet per ton, whereas the small or common bale will 
occupy from 100 to 150 cubic feet. 

The study of the chemical changes that take place during the 
ensiling process was first undertaken about 50 years ago. Today a 
vast and impressive literature confronts the student of this question. 
In the light of present knowledge- -and lack of knowledge—the fol¬ 
lowing conclusions would seem to be justified: 

1. In making silage it must always be kept in mind that air is 
enemy No. 1, and that silage which becomes heated consumes itself. 

2. Undue or excessive losses are obviated either by the quick 
development of carbonic acid, as when heavy pressure is used in the 
Crema process, or by the production of sufficient acid to overcome tlu' 
ravages of bacteria and other organisms, as in the making of ordiTuu y 
com silage. 

3. The use of silage made by the addition of mineral acids or i>,\ the 
use of chemical sterilizers has not been proved safe beyond question, 
in loi^-time feeding procedure. 

4. The use of such chemicals must for some time be looked upon 

with suspicion and in most cases rejected in favor of the more natural 
processes. Apparently the best method of supplying materials to the 
animal (and tliM refers to the use of phosphoric acid and other acids or 
chemicals used in making silage) is through the feedu^ of forages 
naturally rich in minerals that have been taken up from the soil and 
metabolized by the plant. , 

5. It is a question whether silage prepared hy the addition of mmeral 
acids can be considered as beneficial to the animal as are silages in 
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which the acids of the oi^anic type have been naturally fonned. 

6. The question whether lactic acid made by the farmer himself 
from some of his waste farm products can be economically and suc¬ 
cessfully used in silage instead of mineral acids may be worthy of 
study. 

7. The vast amount of data, much of it inconclusive, reported by 
the various workers in this field indicates the necessity for concerted 
cooperative study of silage questions. For example, what kind of silo 
should be used under various conditions—with various crops harvesteil 
at different stages of growth, in different localities, under different 
weather conditions, by different processes, ami with the aid of various 
added substances, chemical or otherwise? 

8. The methods of sampling silage for analysis and the basis used 
for the calculation of results may lead to erroneous conclusions regard¬ 
ing the feed value of the silage. These sources of error should be 
eliminated. 

9. The variation in the loss of dry substance resulting from the 
ensiling of different crops by different processes is of great economic 
importance. For example, with a consumption of 40 million tons of 
silage a year, a loss of 5 percent of dry matter would be equivalent to 
over 2 million tons of feed and a loss of 15 percent would mean that 
farmers would have fully 7 million tons less of feed at their command. 

10. Practically no information is available regarding the effect of 
fertilizers, soil treatment, and other factore on the quality of silage 
produced from the same crop grown in different localities or under 
differing systems. 

11. Ottle or no information is available regarding the relative effect 
of added mineral acids and of naturally formed organic acids on the 
character and utilizability of the mineral constituents of silage and of 
some of the important organic constituents. 

12. Under certain favorable conditions the losses in haymaking are 
less than in ensiling {^12, 1266). The silo, however, is a means of 
saving considerable feed, which, if field-cured under ordinary or un¬ 
favorable conditions, would suffer appreciable loss. Silos can be filled 
in almost any kind of weather. Silage is an emergency feed. 

13. Protein-rich crops—that is, crops with a ratio of 1 part of pro¬ 
tein to 2 parts or less of carbohydrate—are generally most successfully 
ensiled if mineral acids or molasses is added iAlJ^). 

14. ^ Carbohydrate-rich crops—that is, crops with a ratio of 1 part of 
protein to more than 2 parts of carbohydrate—can be ensiled without 
any addition of sugar or acid if they are ensiled in a moist condition. 

DATA DM LOSSES AND FEEDING VALUES IN SILAGE 

Beginnings of Experimental Work 

In 1883, Weiske and Schulze (1199) made silage experimentally for the purpose 
of studying some of the changes resulting from the process of ensiling green 
crops. Subsequently many other scientists, both in this country and abroad, 
engaged in the study of this question. Qrandeau, of France, was one of the first to 
observe in silage the presence of acetic and lactic acids. At the Pennsylvania 
Agricultural Experiment Station a stone-basement root cellar was used as a silo; 
in the course of 3 years' experimentation a loss of 5 to 12 percent of dry matter 
was noted, chiefly of carbohydrates other than flber (90ff). 

Henry and Woll (608) notM a loss of dry matter of 22 to 24 percent, the largest 
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losses being in carbohydrate (nitrogen-free extract), protein, and fiber. There was 
a gain in fat (ether extract), an observation that has been corroborated by many 
workers in this field, making it reasonable to assume that during the ensiling proc¬ 
ess some ether-soluble compounds may be produced. These authors furthermore 
noted a loss in ash, due, it was claimed, to the movement of juices of the green 
fodder and to diffusion. 

Armsby {S4) and Jordan {5tJ6) proved by feeding tests that the process of en¬ 
siling caused a loss of nutritive value. Hills {51/i) and Collier {856) also demon¬ 
strated that there was a loss of dry matter, while Babcock and Russell {5S) were 
the first to point out the role played in silage by bacteria. 

Theory of Silage Formation 

Russell {99It) in 1908 made a very clear and concise explanation of what goes 
on during the process of making silage, and this has been somewhat further 
elaborated by Peterson, Hastings, and Fred {918). 

When green plants are ensiled in an airtight silo, the plant cells continue to 
function, that is, to respire, producing carbon dioxide with gradual exhaustion of 
any oxygen that may be present. The sugars are thus consumed in the absence 
of air or oxygen, complete oxidation being impossible. The intermediate prod¬ 
ucts—alcohol and acetic, lactic, and butyric acids (besides carbonic acid and 
water)—are probably all formed as the result of the activity of enzymes within 
the cells. P]nzymes also act on the proteins to form amino acids, peptides (val¬ 
uable protein break-down products), and even ammonia. Because water vapor 
is largely retained, the temijerature of the mass in general is raised somewhat, 
thus causing greater cell activity, but as the fresh material becomes exhausted 
the cells die, becoming flaccid and causing the mass to settle. At this time the 
temperature falls somewhat. 

Coincident with the decreasing activity of the plant cells comes an increase in 
the activity of bacteria, yeasts, and molds, causing a secondary rise in tempera¬ 
ture. Molds, however, cannot grow without air and cease to reproduce as soon 
as the oxygen has been consumed. Yeasts disappear within a few days, leaving 
only the bacteria as active agents. According to Watson and Ferguson {II 9 W 1 
the changes during ensiling are of two kinds: (1) Those occurring while the cells 
are still alive, and (2) those that come into play after the cells are dead, when the 
activity of micro-organisms sets in. 

Most of the changes characteristic of silage—for example, the disappearance of 
sugar and of the less resistant cellulose, the formation of acids, and the break¬ 
down of proteins—are the result mainly of the activity of enzymes within the 
cells—the primary factors in silage fermentation. The changes brought about 
by bacteria are regarded as being for the most part secondary. Certain workers 
in this field claim, however, that because lactic acid bacteria are present in such 
large numbers in silage their chemical activities cannot be disregarded {837). 
Typical of the products of bacterial activity are formic acid, higher fatty acids, 
humus, and amines (protein decomposition products). 

The work of Babcock and Russell of Wisconsin {53) who first showed that if 
bacteria are destroyed and enzymes only remain active in silage there will be ii<> 
mold formation, no loss of dry matter, and no change in acidity, has been corroi*- 
orated by Russell of England {994). While proteins may be changed t(' i -mi- 
proteins there will be no loss of total nitrogen. 

Russeirs experiments were conducted on a laboratory scale, green in:ii/< h nu 
ensiled in bottles. Table 13 shows the results obtained at the end of m.•]iths. 

It is evident that in the absence of air the volatile acids are formed !>> the 
protoplasm of the living cells, as the result of anaerobic respiration (with little 
or no oxygen); and that the break-down of the protein nitrogen to nonprotein 
nitrogen is a function primarily of the enzymes and secondarily of bacteria, as 
certain amino acids found in silage are characteristic of bacterial action. The 
presence of air results in mold formation, musty smell, and freedom from organic 
acids, the product even becoming alkaline. It might be concluded also that in the 
presence of air an appreciable quantity of protein may be synthesized from non- 
protein nitrogenous compounds, as has been noted in stored barnyard manure. 

According to Esten, Christie, and Mason {336), sugar—which amounts to about 
3 to 4 percent in green-cornstalk juice—mostly disappears during fermentation 
on ensiling, and the percentage of acid found in the silage is about equivalent to 
the percentage of sugar originally found in the fresh crop. The alcohol formed 
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largely disappears also, having been oxidized to acetic acid through some kind of 
fermentation by a combination of yeasts and bacteria, both of which are present 
in large numbers in freshly made silage. The acid bacteria grow until they 
produce enough acid to inhibit their own growth, when they die, but yeasts are 
still able to grow in such a medium and continue to convert sugar to alcohol, 
which in turn is finally oxidized to acetic acid. 


Table 13.— Effect of protoplasm^ enzymes^ and micro-organisms^^ under aerobic and 
anaerobic conditions^ upon the formation^ in silage^ of volatile acids and ammonia 


All air excluded 

Air present 

Living maize- 
protoplasm, en¬ 
zymes, and bac¬ 
teria active 

Maize plus tolu¬ 
ene-enzymes 
only active 

Maize plus beat at 
98® C.—spore-forming 
organisms only active 

Maize plus silage 

J uice—protoplasm, 
enzymes, and micro¬ 
organisms present 

' Living maize- 
protoplasm, en¬ 
zymes, and bac¬ 
teria active 

Silage formed. 

No mold. 

Dry matter lost, 2.5 
percent. 

Mass became acid. 

Acetic and butyric 
acids formed. ! 

Protein changes to 
nonprotein. 

No loss of nitrogen 
in form of ammo¬ 
nia. 

No obvious 
change. 

No mold. 

No loss. 

No change. 

No volatile acids 
formed. 

Protein changes to 

1 nonprotein. 

No loss of nitrogen 
as ammonia. 

No obvious change. 

Little mold. 

Dry matter lost, 12 
percent. 

No change. 

No volatile acids 
formed. 

No change in protein 

No I0.S.S of nitrogen 
in form of ammo¬ 
nia. 

■■ ■ 

No obvious change. 

No mold. 

Dry matter lost, 25 
percent. 

Mess became acid. 

Acetic and butyric 
acids formed. 

Protein changes to 
nonprotein. 

No loss of nitrogen 
in form of ammo¬ 
nia. 

Putrefaction. 

Much mold. 

Dry matter lost, 60 
percent. 

Mass became alka¬ 
line. 

No volatile acids 
formed. 

Nonprotein changes 
to protein. 

Much loss of nitro¬ 
gen as ammonia. 


Among the acids formed, lactic and acetic appear to have a favorable effect on 
the quality of the silage, while butyric acid, which is the result of imperfect 
methods of ensiling and of putrefactive processes, injures the silage as a feed. 

The presence of acid is one of the criteria of good silage. The role of organic 
acids is as a preservative, for bacteria cannot grow except in a neutral or alkaline 
(or only slightly acid) medium. If air is kept excluded—that is, if anaerobic 
conditions are maintained—the acidity formed in silage during the first 2 weeks 
is sufficient to check decomposition. Esten, Christie, and Mason (SS6) regard 
the process of acid formation in silage as identical to that in the making of sauer¬ 
kraut. The amount of acid in silage is from 1 to 2 percent. In a 100-ton silo 
there are from 2,000 to 3,000 pounds of mixed organic acid. An animal con¬ 
suming 40 pounds of silage a day will ingest an amount of acid equal to that in 
7 pints of vinegar. 

Fully 90 percent of the volatile acid found in good silage is acetic; propionic 
acid is next in amount. Butyric acid is found only in silage that shows evidence 
Lactic and acetic acids are always found in silage, irrespective of 
the kind of silo construction or the type of silage, according to Dox and Neidig 
\2oO ). 

The most obvious phenomena in silage making are, therefore, a rise in tem- 
perature (depending on the conditions under which the silage is made), changes 
m the color of the silage, the development of acids due to the oxidation of carbo¬ 
hydrates dunng cell respiration in the absence of air, the production of an aromatic 
odor, and the break-down of the proteins by hydrolysis. 

Silage from Different Types of Silos 

Trench Silage 

Experien^ has shown that green crops ensiled in trenches—an old method- 
make one of the cheapest forms of silage, superior to that made in a clamp (pit 
s^k) or ordinary stack. In a pit or trench there is little loss from the molding 
of silage on the sides of the pit, whereas in a stack this loss is appreciable. The 
temperature attained in the material ensiled in a pit, owing to the relative com¬ 
pactness and the absence of air, is considerably lower than in a stack The 
protein of pit silage is hence more digestible. 

In a trench silo, the average loss of digestible crude protein ranges from 0 to 
6 percent dii^the case of good-quality silage), and the loss of the starch equivalent 
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averages 10 percent. So long as there is an adequate supply of sugar from the 
material ensiled and the silo is properly constructed, the formation of butyric 
acid, even in high-protein material, will be largely prevented. 

Stack Silage 

Stack silage, which is probably the oldest form of silage, requires no capital 
outlay. As prepared, it frequently shows a loss, from spoiled silage and silage 
unfit for feed, or nearly 30 percent of the dry matter. About 50 percent of the 
material in the center of the stack is, however, good sweet silage; the remainder, 
amounting to 20 percent more, is still edible, though it contains some butyric acid. 

Comparative tests conducted for 3 years at the Washington Agricultural 
Experiment Station (S^/) of silage in silos and in stacks show that while the 
losses of dry matter from spoilage were about 7 percent in the silo and 10 percent 
in the stack, the losses from other causes averaged nearly 25 percent in both silo 
and stack. The greatest losses occurred during the years when the material was 
ensiled in a wet condition. The recovery of silage, as measured by samples in 
bags and by total weight in a silo and in a stack is as shown in table 14, 


Table 14.—Average recovery^ of feed constituents of sUage 


Basis 

Dry 

matter i 

Protein 

Fiber 

Fat 

Carbohy¬ 

drate 

Cnitrogen* ^ 
free 

extract) 

' I 

Ash 

Total weight: 

Silo.1 

Percent 

76 

Percent 

84 

75 

Percent 

83 

Percent 

79 

Percent 

69 

Percent 

87 

Stack . 

76 1 

86 

87 , 

65 

114 

From bags: 

Silo . 

86 

1 88 I 


111 i 

! 76 i 

89 

Stack . 

78 ! 

75 

92 i 

! <"! 

68 1 

91 




Clamp Silage 

What is known as ^^clamp silage’* in England is similar to silage made in the 
so-called pit stack frequently found in the West, where a tractor is sometimes 
used to compress the material ensiled. This form of silage requires very little, 
if any, expense other than that of digging the pit, but it is difficult to make the 
silage without considerable loss—greater loss, in fact, than there is in most other 
forms of silage. The wastage on the top and sides may be as high as 25 percent, 
and the smaller the clamp the greater the loss; hence this form of silage should 
l 3 e made only on a large scale. Further, considerable sour silage is apt to be 
found at the bottom, owing to the v'ery tight packing of the ensQed material by 
horse and cart (the English way) or by tractor. When succulent materials are 
ensiled and low temperatures kre maintained, as often is the case with sour 
clamp silage, butyric acid, which accompanies putrefactive changes, may develop 
Ammonia and other useless or harmful substances may also be produced at iIm 
expense of the proteins {1266), The best that can be said of clamp silage i> thai 
it is useful in saving green fodder in a succulent form when condition' an ,ni 
favorable for haymaking. The trenches used in the United States appear t.. 
preserve the silage more effectively than the British clamp silos. In tlu* South¬ 
west particularly, trenches are being used to preserve various forage crop'. If 
the trenches are well drained and the material is covered and packed to exclude air, 
the losses of nutrients may be little if any greater than in tower silos. 

Toxcer Silage 

Green material ensiled in a tower silo is generally chopped into small piec^ 
and blown into the silo. Almost any kind of green crop may be used, although in 
the United States corn is the principal crop thus ensiled. 

Study of the transformations that take place in ensiled corn show that in 1 day 
after the silo is filled, the oxygen is reauced practically to zero and carbonic 
acid increased to 45 percent of the silo gas. In 2 days the percentage of carbonic 
acid is approximately 70. From this point the relative amount of this gas de¬ 
creases, so that at the end of 131 days less than 20 percent is left. The moisture 
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content, which approximates 65 to 75 percent at the time of filling, remains 
practically constant during the ensiling process. The acidity of the juice gradually 
increases (from pH 5.9 to pH 4.0 or less), and the sugars decrease from over 8 
percent to less than 2. At the time of filling, the amount of soluble nitrogen is 
about 18 percent of the total nitrogen, whereas at the end of fermentation the 
amount of soluble nitrogen is approximately 45 percent divided about equally 
between soluble protein and amino acids plus peptides (918). 

The loss of dry matter in good corn silage is about 10 percent. During the 
fermentation no trace of hydrogen, methane, or other hydrocarbons (all decompo¬ 
sition products of little or no feed value) is ordinarily found. 

That bacteria play an important role in the production of organic acids and 
alcohol is indicated by the appearance of large numbers at the time of most active 
fermentation. Bacteria found in silage grow best at a temperature of about 90° F. 

From the study of the process of making ordinary corn silage, Peterson, Fred, 
and Verhulst (917) concluded that 15 to 20 percent of the pentosans (carbohy¬ 
drates of somewhat less feed value than starch) were lost during fermentation at 
the end of 50 days. Other investigators have shown that as much as 30 percent 
of the pentosans* may be lost, leading to the conclusion that pentosans as well 
as the ordinary carbohydrates may also be active in the production of organic 
acids (994)^ When green maize in sappy condition, containing as much as 78 
percent of moisture, is ensiled, the loss of dry matter due to respiration and 
bacterial action is considerably higher—25 percent or more (1256). 

When corn containing only 12 percent of dry matter was compressed in water¬ 
tight vats, it lost about one-fourth of its dry substance; but when it was loosely 
packed the loss of dry matter was nearly 36 percent in 115 days, while the loss 
of motein was over 50 percent (1199). 

Woodman and Amos (1255) found by analyzing samples taken from bags 
placed at different heights in varioii.s silos that the percentage loss (or gain) of 
constituents varied as follows: Moist material, 1.5 to 11, loss; dry matter, 5.8 to 

11.8, loss; organic matter, 6.3 to 12.9, loss; crude protein, 2.0, gain to 12.2, loss; 
fat (ether extract), 59 to 122, gain; carbohydrate (nitrogen-free extract), 16.2 to 

24.9, loss; crude fiber, 0.9, gain to 11.8, loss; minerals (ash), 3.1, gain to 6.8, 
loss; true protein, 11.8 to 55.3, loss; amides, 60 to 167, gain. The immature 
crops suffered the greatest hydrolytic changes in the protein; over 50 percent of 
the protein was broken down by hydrolysis, and this increased the amides by 
150 percent. 

Experiments conducted by Hansen (472)^ with the American tower silo in 
connection with such varied crops as vetch fodder, potato leaves and stems, 
clover, frozen beets, and meadow grass showed losses in dry matter as the result 
of ensiling as shown in table 15. 


Table 15.— Ijosses or gains in feed constituents as the result of ensiling various crops 


Constituent 

Vetch 

Potato 
stem.*; and 
leaves 

Clover 

Frozen 

beets 

Meadow 

Rrass 


Percent 

Percent 

Percent 

Percent 

Percent 

Weight of fodder.. 

-10.9 

-17.8 

-9.8 

-38.8 

-25.5 

Dry matter.... 

-30.0 

-29.8 

-20.7 

-26.5 

-26.3 

Crude protein... 

+8.7 

-11.9 

-22.3 

-33.0 

-24.7 

Pure protein. 

-29.2 

-40.0 

—29.1 


-30.0 

Nonprotein. 

+152.7 

+531.8 

+16.2 


+3.3 

Crude fat...-. 

-31.8 

-36.2 

-51.4 

r ' 

-45.0 

Nitrogen-fTee extract. 

-46.7 

-46.5 

-20.3 

-30.1 

-33.5 

Crude fiber. 

-10.8 

-14.3 

-16.2 

-36.6 

-10.5 

Pure ash.... 

-6.7 

1 -22.1 

! -S2.6 

-16.6 

-32.0 


From these experiments it was concluded that appreciable quantities of feed 
values were lost from each kind of material—even more than in ordinary hay¬ 
making. It was recommended, however, that when good hay cannot be made 
because of weather conditions, ensiling is worth while on any farm. Much feed 
can ttns be saved that otherwise would be lost. 

The losses of carbohydrates and of dry matter in different kinds of silage made 
from oats and vetch ensiled in a tower silo and in a clamp silo were determined 
by Woodman and Hanley (1260) with the results shown in table 16. 
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Table 16.— Loss of dry matter and of carbohydrates in different kinds of silage 


Item 

Tower silo 

Clamp silo 

Acid brown 

Green 

fruity 

Sour j 

Sweet 

Carbohydrates...... 

-a-4 

Percent 

19.1 

11.2 

Percent 

45.9 

23.4 

Percent 

20.5 

11.5 

Dry matter. .i 



A special study of acid-brown silage and of so-called fruity silage was made 
by Woodman and Amos (1^66), who noted the gains or losses of constituents 
(table 17). 


Table 17 .—Losses or gains of feed constituents in acid-broum and green fruity silage 


Constituent 

Average of 8 trials ! 

Constituent 

Average of 8 trials 

Acid- 

brown 

silage 

Green 

fruity 

silage 

Acid- 

brown 

silage 

Green 

fruity 

silage 

Dry matter.i... 

Percent 

r-7.7 

.0 

-H5.0 

-14.7 

Percent 
-11.2 
-8.2 
+52. 4 
-10.1 

Crude fiber. 

Percent 

-6.0 

.0 

-28.4 

+96.0 

Percent 

-5.5 

-9.2 

-41.0 

+85.3 

Crude protein. 

Ash.:. 

Kther extract. 

Nitrogen-free extract. 

True protein. 

Amides. 


Silage Made by Different Processes 

No effort will be made here to cover silage made by all the known processes, but 
only those prepared by the most widely used or the most approved methods. 

In some cases the studies have been made with experimental lots of silage in 
small jars. Other studies have been made in small silos, constructed to simulate 
large farm silos. It is generally admitted that for the best comparative results 
indicative of what goes on in practice in a large silo, the amount of silage used in 
experiments of this kind should be at least 8 to 10 tons. However, results obtained 
on a small laboratory scale are very useful in arriving at the amount of the various 
constituents lost during ensiling. 

The A. /. V. Paiented Method 

The method developed by A. I. Virtanen, Valio, Finland, between 1925 and 
1929, consists of adding to the green crop (grass or legume) the so-called A. I. \ . 
solution at the rate of about 17 gallons per ton of fresh material. This A. I. \ . 
solution consists of concentrated hydrochloric acid (5 parts) mixed with coiuci - 
trated sulfuric acid (1 part), the mixture being diluted with 4 to 5 volumes of w at< r 
to form what is known by chemists as twice normal strength of acid. The object 
to increase the acidity of the green crop as soon as possible (to a pH value of 3.0 
to 4.0). Such a degree of acidity suppresses bacterial fermentation as >vell as 
respiration in the cells, thus preventing spoilage of the ensiled crop. With an 
acidity of pH 4 or below (the lower the number on the pH scale, the greater the 
acidity)^there is little destruction of the proteins or vitamins. 

Wat^n and Ferguson {1192) ensiled a mixture of grasses and clover (moisture 
content 82 percent, dry matter 18 percent), filling the silo to a depth of 24 feet 
and using some 16 gallons of the dilute (twice normal) mixture of these^ mineral 
acids per ton. With pH 3.7 the carotene in the silage amounted to 57 milligrains 
per Iw grams of dry matter. This is essentially the spne amount as is found in 
green grass, but somewhat more than in even artificially cured hay. In field- 
cured meadow hay, ae is well known, the amount of carotene is much lower^ only 
about 1 to 3 milligrams (1266), This is good evidence that in properly 
grass the vitamin A potency remains high. Somewhat later, Watson \fit9) 

141894*—39-66 
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made seven accurate trials, conducted at Jealott’s Hill, with silage prepared by 
different methods. The results showed that the loss of dry matter by the A. I. V. 
process was 17.7 percent as against 18.2 j)ercent by the ordinary ensiling method, 
16.1 percent in the case of silage with added molasses, and 17.7 percent in silage 
with added whey. The loss of protein w^as 3.8 percent in A. I. V. silage, 5.7 per¬ 
cent in ordinary silage, and 5.4 percent in silage containing molasses, while with 
silage containing w’hey a gain was recorded. 

These results are at variance with those obtained by Virtanen (1160), whose 
experiments indicated that A. I. V. silage suffers not over 8-percent loss of dry 
matter, in most cases the loss being nearer 3 percent. 

Recent experiments conducted at the Rowrett Institute (569) demonstrate 
again that there is little if any difference between fresh timothy grass and the 
same grass ensiled by the A. I. V. process in quantity of dry matter, crude protein, 
true protein, and soluble protein. The addition of mineral acids to grass lowers 
the palatability but maintains the high carotene content and preserves the dry 
matter. The comparative absence of ammonia in A. I. V. silage was recently 
corroborated by Peterson, Bird, and Beeson (915), 

Silage Made With Added Molasses 

While it is perfectly feasible to ensile high-carbohydrate crops successfully 
because the acids, produced at the expense of the sugars and'starch, act as a 
preservative agent, it is more difficult to ensile a protein-rich, high-moisture crop 
by the same method without undue loss. In the case of crops with low' sugar and 
starch content, the development of organic acids in sufficient amounts to act as a 
preservative is prevented. Hence it has been suggested that w'hen green grass or 
le^mes are to be ensiled, some fermenting material be added. 

Reed and Fitch (952) were the first to add molasses (5 to 10 percent by weight) 
to alfalfa and to show' that alfalfa so treated had a higher degree of acidity than 
when no molasses was added. The moisture in the crop was 60 to 70 percent. 
Other investigators (850), however, have failed to find that the use of molasses 
increases the acid content of alfalfa silage, although it does apparently improve 
the palatability. Woodward (1267) is likewise of the opinion that the main 
advantage of adding molasses to grasses with relatively high moisture content is to 
improve the palataftlit}’ of the silage. 

Swanson and Tague (1113) ensiled alfalfa with molasses, germinated corn, and 
sound corn, and obtained the best results with molasses. 

With grasses or cereals some 40 pounds (3H gallons) of molasses should be used 
per ton; with mixed grasses and legumes, 60 pounds (5 gallons); with alfalfa or 
clover, 80 pounds (7 gallons); and with soybeans, 100 pounds (8!^^ gallons). These 
amounts have been found to answer the purpose and to yield a palatable silage 
(821). In general, the higher the protein content of the crop, the more molasses 
should be used. 

While the losses in silage made with molasses are somew hat greater than in that 
made by the A. I. V. process, the production of silage with mineral acids entails a 
^eat deal more labor and delay than does the production of natural fermentation 
silage (281), or one to which molasses has been added. Further, the addition of 
molasses is better adapted to farm routine than is the use of mineral acids (US). 
Unlike acids, molasses does not injure the concrete or masonry of the silo and is not 
troublesome to use, and silage made with it does not need to be neutralized with 
ground limestone as is the case when mineral acids are used. Again, silage con¬ 
taining molasses is much more palatable than A. I. V. sikage. 

Silage Made With Added Whey 

When ordinary whey is added as a substitute for molasses to a protein-rich 
gpreen crop, satisfactory conservation of the silage is not pos.sible. Excellent 
silage can be made, however, by the use of dry or concentrated whey either 
alone or inoculated with lactic acid bacteria. No greater losses were noted in 
such silages than were found in silage made either wdth molasses or by the A. I. V. 
method (17). 

Deju Solution 

J^ledification of the A. I. V. process consists in using hydrochloric acid to 
wtm was added a small amount of phosphoric acid. One and one-fourth gallons, 
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or 16 pounds, of a mixture of these acids are diluted with 4 to 5 volumes of water, 
and thw dilute solution is mixed with the green crop at the rate of 10 gallons 
per ton! When properly used, phosphoric acid makes good silage, causing the 
formation of lactic acid. Defu acid is said to have a favorable effect on the re¬ 
tention by animals of the calcium, phosphorus, and nitrogen present in feeds 
H63), According to Kirsch and Feeder (6S2), the use of the Defu solution 
resulted in a ^od silage, the loss of dry matter having been cut fully one-half. 

When this Defu solution (to which a small percentage of sugar was added) 
was used with pasture grass in an ordinarv silo and in a pit (according to the 
Dutch method), the silage in the silo had lost 20 percent of the protein and 11 
percent of the total organic matter at the end of 3^ months, and that in the pit 
68 and 24 percent, respectively. The acid in the pit silage was chiefly butyric, 
that in the silo chiefly lactic. The acidity of the silo silage expres.sed as pH was 
3.7, and that of the pit silage 5.3 (159), 

The Samarani or Crerrui Process 

The Samarani (lOOS) or so-called Creina method is a low-temperature fer¬ 
mentation method developed at the Bacteriological Station at Crema (Ix)mbardy), 
Italy, and consists in tightly compressing a partly wilted crop (moisture content 
35 to 45 percent) in an airtight silo. The top is weighted with a load of 600 to 
2,000 pounds per square yard of area, and this, in a way, acts as a seal. 

The carbon dioxide produced as the result of respiration within the cells of the 
vegetable tissue displaces the oxygen within a few hours and acts as a preservative. 
The theory is that if there is no access of air, the ensiled partly wilted crop 
will not heat and hence not spoil. 

When corn is ensiled by the American method ip too dr\ a condition, it is often 
the practice to add water, and this demonstrates how different are the American 
and Italian theories of ensiling. In the American method the object is to hasten 
the development of acid in the silage. In the Samarani process ever}' effort is 
made to prevent fermentation and to keep down the formation of more than a 
minimum of acidity. 

The essential factor in the Crema process is the reduction of the moisture 
content of the crop to a point where bacterial growth is hindered w ith subsequent 
control of fermentation, yet at the same time to retain sufficient enzymic activity 
in the plant cells to consume the oxygen. 

Whereas the loss of dry matter in silage in open ditches may anjount to as much 
as 40 percent (the loss of dry matter in corn silage in a tow'er silo is about 10 
percent), the loss in Crema silage prepared in sealed silos is much less; there is 
little loss of sugar and no more than 10 percent of the protein is broken down by 
hydrolysis. It is being recognized more and more that fermentation and heating 
of ensiled material should be reduced to a minimum. Heating to 113*^ F. and 
over, as in the old style open silo, consumes the sugars and starch and reduces 
the nutritive value of the protein, calling to mind the old saying ^^silages which 
Ixjcome heated consume themselves." Sealed silos of the Crema type prevent 
all undue heating of the mass; there is little acidifleation and a minimum loss of 
dry matter or of nutritive value. 

Toro-SUon 

The addition of certain sterilizing agents has been proposed for the puri)()^( « ! 
inhibiting bacterial fermentation and preventing the break-down of prott in by 

E lant enzymes. This treatment of green crops for silage purposes is exenii)litied 
y the so-called Toro-KSilon process, which consists of adding a mixture of formalde¬ 
hyde and sulfurous acid. According to Kirsch and Feeder (632), this treatment 
has no favorable effect on the quality of the silage or the prevention of losses, 
and these authors consider that it is useless. 

The Effect Of Addity 

Some 68 samples of silage, made from grass and forage crops, were tested by 
Watson and Ferguson (1193) for true protein, volatile bases (such as ammonia), 
and amino acids, and it was noted that silages with relatively low acidity (greater 
than pH 4.5) contained a smaller percentage of pure protein and a higher per¬ 
centage of ammonia than the same silages with high acidity (leas than pH 4.0). 
In a general way this agrees with the results obtained by other investigators who. 
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on the basis of 83 samples, showed that those with a pH value less than 3.5 
averaged 5.9 percent ammonia nitrogen, whereas those with a pH value greater 
than 5.0 contained 27.4 percent of the total nitrogen in the form of ammonia. 
This represents a definite loss of protein. 

From a study of the effect of acidity on the presence of organic acids, it appears 
that silage with high acidity (low pIT) averages considerably lower in volatile 
acids (chiefly acetic acid), but higher in residual acidity (lactic acid). The more 
lactic acid and the less acetic acid formed in silage, the better the silage as a 
rule. 

Butyric acid is, as a rule, not found in silag^e of high acid content (with pH 
4.2 or less). The acidity of silage also materially affects the ratio of volatile 
to fixed acids. Silages prepared from grass, grass and molasses, and grass and 
A. I. V. acid were studied by Watson and Ferguson {1193)^ who found that when 
the acidity was high (less than pH 4), there was three times as much fixed acid 
(lactic) formed as volatile acid (acetic). Wlien, however, the acidity was 
low (greater than pH 4.5), there was over twice as much volatile as of fixed acid. 
In other words, nonvolatile or fixed acids (chiefly lactic) decrease with an increase 
in pH value and vice versa. This applies in a general way to butyric acid (also 
volatile) as well, for when the acidity is relatively low (greater than pH 4.5), 
the amount of this undesirable acid increases appreciably. 

The figures from experiments conducted by Watson and Ferguson {1193) ^ 
given in table 18, show the relative amounts of total acetic acid and of total 
butyric acid under different pH values and in different kinds of silage. It will 
be noted that a low acidity (high pH value) in silage is correlated with a high 
percentage of butyric acid. 


Table 18. —Amount of acetic and btUyric acids in silages n ith different pH iHilnes 


Kind of silage 

pH 

value 

Acetic 

acid 

Butyric 

acid 

Kind of dlage 

pH j 
value 

Acetic 

1 acid 

Butyric 

acid 



Percent 

Percent 

1 i 

1 1 


Percent 

Percent 

Grass,-... 

4.32 

0.61 1 

0.11 ' 

Grass and moIassp>... , 

5.88 

0.60 

0.39 

Do. 

6. 21 

. 36 ' 

1.42 
.04 i 

■ Gr^iss and mineral acid.. 

2.48 

.2.5 

.08 

Grass and molasses.. 

3.89 

.67 

Do. 

4.82 

.47 

.68 


Experiments conducted at the experiment station at Gembloux by Piraux, 
Hacquart, Joassin, and Desmet (937) also show that the higher the pH value 
of silage the more butyric acid it contains. (Table 19.) 


Table 19. —Amount of butyric acid in silage with different pH values 


Kind of silage 

pH 

value 

Butyric 
acid in 
fresh 
.silage 

Kind of silage 

1 

pH 

value 

Butyric 
acid in 
fresh 
silage 

Warm fermentation in towers , 

Warm fermentation in stacks_1 

Cold fermentation..' 

4.1 

1 4.7 

4.3 

Percent 

0.23 

.56 

.52 

Cold fermentation, plus mola.sses. 
Silage plus mineral acids. 

3.9 i 
3. .5 

Percent 

0.09 

.00 


Drainage Losses 

Drainage samples were collected by Godden {415) every 2 hours each day for 
20 days—that is, during the period of flow—and, on analysis, 47 to 82 pounds of 
dry matter were found in each 100 gallons of drainage liquid. The analysis of 
the dry matter showed it to be composed of 17 to 28 percent of protein, 19 to 23 
of ash, 2.3 to 4.3 of lime, 1.3 to 2.2 of phosphoric pentoxide (phosphoric acid), 
0.19 to 0.28 of sulfur trioxide, and 0.00 to 2.07 percent of potash. According to 
this author, drainage causes an appreciable loss of nitrogen and of minerals and 
hence should be prevented. 

As losses from ensiled wet crops are largely due to drainage, it is advisable to 
ensile crops so that there will be no drainage of juice or, at most, very little. The 
most favorable dry-matter content in crops to be ensiled is about 30 percent. If 
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more than 70 percent of moisture is found in the crop, it is advisable to allow it 
to wilt to approximately this moisture content. The drainage juices are composed 
mostly of organic acids, soluble nitrogenous compounds, potash, calcium, and 
phosphorus (1SS6). 

On the other hand, Blish (129) concluded, as a result of his studies with sun¬ 
flower silage, that the drainage juices (chiefly with young plants) contain relatively 
little food constituents, being mostly water. 

The bottom layers of silage are under a 60- to 100-ton pressure, and this is 
sufficient to force the flow of juice. The lower 10 feet of the silo may, as a res\ilt, 
be in a waterlogged condition, resulting in considerable spoilage, the silage becom¬ 
ing sour and unpalatable. It would seem therefore that the harm done by re¬ 
taining the silage juices may be much greater than the small saving that would 
result from not draining them. 

General Comparison of Losses by Different Methods 

The losses which silage undergoes depend largely on the method of ensiling. 
Drew, O’Sullivan, and Dcasy (281) found 8.4 percent loss of dry matter in a con¬ 
crete trench silo and 16 to 23 percent in tower silos. 

In a study of some 54 silages made from corn and other crops and of the losses 
of the feed constituents during ensiling, Ragsdale and Turner (94^ found the 
following variations in i>ercentage8 (losses —, gains +): Dry matter, —2.1 to 
— 18.1; protein, -f5.1 to —38.4; fat (ether extract), +49.4 to —20.3; a.sh, +11.7 
to —15.7; carbohydrates (nitrogen-free extract), —5.8 to —22.5; crude fiber, 
+ 6.7 to -14.6. 

Brouwer, De Ruyter de Wildt, and Dijkstra (168) (table 20) compared the qual¬ 
ity of grass sil^e made (1) by the A. I. V. process, where 6.2 liters of acid were 
used per 100 kilograms of fresh grass; (2) with 5.4 liters of 20-pcrcent sugar solu¬ 
tion per 100 kilograms of grass, equivalent to 1 percent of sugar; (3) with 2.85 
liters of A. I. V. acid containing a small amount of sugar; (4) with nothing added; 
and (5) by the Holland method (ensiling the partially wilted crop in an open ditch 
20 inches deep and covered with soil). They found that the A. I. V. silage was 
superior to all others in having a higher acidity (less than pH 4.0) and smaller 
amounts of butyric acid (0.12 to 0.27 percent) and of ammonia nitrogen (16 to 22 
percent of the total nitrogen), which indicated that the protein break-down was 
relatively less in this kind of silage. 

Table 20. — Acid^ ammonia^ dry matter^ and protein content of silages made with and 

without sugftr and acid ^ 


Item 


Lactic acid.. 

Butyric acid...... 

Ammonia nitrogen (as percent of total 

nitrogen)...... 

Loss of dry matter.__ 

r.»oss of crude protein. 

Loss of pure protein. 

Digestibility coefficient: 

Of crude protein. 

Of pure protein. 


A. I. V. 

1 i)ercent of 

1 sugar added 

t 

Some acid, 
little sumr 
added 

No addi¬ 
tions 

Holland 

type 

Percent 

0. 7-0.12 

Percent 
/ *0.46 

\ *1.70 

Percent 
] 0.60-L06 

Percent 

ai6>0Ll8 

Percent 

a 1(H) SI 

. 12-. 27 

/ >1.32 

\ >.18 

1 ) 

1.10-1.60 


15.8-21,5 

21.3 

28.3 
40.0 

21.4-46.2 
18.1 

31.7 

52.7 

24.2-33.2 

12.2 

25.4 

41.8 

46.2-63.7 

21.7 

42.4 

61.1 

42. 7 

i; i 
M A 
4t. 7 

57.0 




46.0 

31.0 




19.0 





t The ranges in pH value in each type of silage are: A. I. V., 3.4-4.3; 1 percent of sugar added, 3.8-4.3; 
some add, %tle sugar added, 4.(>-4.2; with no additions, 5.0-5.3: and Holland type, 4.7-5.4. 

* Upper part. 

^ Lower part. 


Changes In Adds and Bases 


In a study of the changes that take place in the content of acid, volatile bases, 
and dry matter in crops during the process of making silage, Amos and Woodman 
(21) show the following relative amounts of these constituents before and after 
ensiling (table 21): 
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Table 21. —Comparative content of acids, bases, and dry matter in green crops 

and in silage 


Constituent 

Oats and tares 

Green 

Silage 

Volatile orgftnlft fko.id.s ___-_ 

Cubic centi¬ 
meters > 

8 

Cubic centi¬ 
meters t 

226 

Nonvol&tile organic acids .-... 

285 

694 

Amlnn Anid^ ... 

67 

400 

Vol^^t-de - __ _____ 

18 

too 

Dry matter_ . . , . . 

Kilograms 

1.000 

Kilograms 

m 


1 Of normal solution per kilogram used !»» render iieiilral 


These figures indicate a tremendous increase of volatile acids, an increase of 
over 100 percent in nonvolatile acids, a sevenfold increase in amino acids, and a 
fivefold increase in volatile bases (chiefly ammonia), all of which is accompanied 
by a 12-percent decrease in dry matter. 

Composition of Siiago and Forage 

It is generally admitted that the main use of tlie silo, especially with grasses 
and legumes, is to preserve, for future consumption, feeds that, on account of 
adverse weather conditions, would suffer too great loss of feeding value if field- 
cured. 

Under ideal conditions of field curing the difference in feed value between hay 
and silage is not appreciable. Carotene, to be sure, undergoes considerable loss 
in hay that has been field-cured, while in silage it is preserved almost intact. 
Woll {1250) showed that corn fodder, field-cured under normal conditions and 
then stored over the winter, lost 24 percent of the dry matter and 24 of the pro¬ 
tein, whereas the same kind of fodder ensiled lost 16 and 17 percent, respectively. 
The average losses of dry matter in 54 silos compared to losses from 16 shocks of 
corn fodder were found to be onlv 50 percent as great in the silo as in the shocks 
{ 945 ). 

In a study instituted by Amos and Woodman {21) to determine the comparative 
composition of cured hay and of silage, the results in table 22 were obtained. 


Table 22 . --Comparative composition of oat and vetch hay and silage {dry basis ) 


Oats and vetch 


Green 

Hay.. 

Silage. 


Protein 

: f’arlKj- 
1 iiydrates 

Oil 

Fii)er ! 

1 

Ash 

Percent 

Percent 

Percent 

Percent 

Percent 

10.8 

.50.2 , 

3.0 1 

28. 1 

7.8 

13.9 

46. 8 

2.0 

29.0 , 

9.1 

12.5 

45 « 

« 4.3 ’ 

29 4 

8 . 1 


1 Includes organic acids. 

The Kansas Agricultural Experiment Station {952) reports the results of a 
very elaborate study of a number of silages made with alfalfa treated with molasses, 
or to which corn, soybeans, stover, rye, or combinations of these were added, and 
compared the composition of these silages when 7 months old with the composi¬ 
tion of the green crops when ensiled. 

The average composition of the silages and ensiled crops calculated upon the 
dry-matter basis is as given in tabic 23. 

Comparative analyses of a number of silages and of the ensiled materials are 
given in table 24, the data having been obtained from different sources. These 
figures are of interest in showing that the composition of the finished silage 
approximates that oi the fresh material except in the case of carbohydrate 
(nitrogen-free extfact). 
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Tablb 23.— Average coniposUion of g^een crops Itefore and after ensiling 






Fiber 1 | 

Nitrogen- 


Acidity, 

Feed 

Moisture 

Ash > 

Protein ‘ 


free ex- 

Fat> 

on fresh 






tract 1 

1 

basis 


Percent 

Percent 

Percent 

Percent \ 

Percent 

Percent 

1 " 

i Percent 

Crops as ensiled_ . - 

65.1 

12.0 

15.5 

24.1 

43.8 

4.0 1 0.4 

Silages 7 months old... 

66.2 

13.0 

14.8 

28.1 

40.2 

1 3.9 

1 2.1 


i Dry basis. 

Table 24 .~Comparative voniposUwn (on dry Imsis) of various green crops and of silage 

moilc therefrom 


Crop or silnge 


Grass.- 

Grass silage.- 

Sunflower... 

Sunflower silage. 

Sunflower, wet by rain. 

Sunflower silage___ 

Corn, milk-stage.. . 

Com silage. 

Corn, glazed-stage.-. 

Corn silage... 

Sweetclover, bud stage... . 

Sweet clover silage. . . . 
Sweetclover, full bloom . . . 

Sweetclover silage. 

Fresh vetch fodder. 

Fresh vetch silage. 

Grass.-.. 

Grass silage.- 

Grass. 

Grass silage. 

Sunflower.. 

Sunflower silage- 


! 

Mois- t Protein 
tun*. 1 (crude) 

Kther 

extract 

Filler 

(mule) 

Ash 

N itro- 
gcii-frec 
extract 

Kind of .milage 

ivef- 

er- 

eiice 

Percent 

Percent 

Percent 

Percent 

Per¬ 

cent 

Percent 



80.5 

3.0 

0.4 

5.0 

1.7 

9.5 

A. 1. V_ 

(/45) 

79.9 

3.1 

.6 

5.5 

1.6 

9.3 

<lo - . 

(US) 

78.6 

9.3 

1.5 

30.3 

9.9 

49.0 

Tower . .. 

im) 

73.8 

10.2 

2.8 

32.6 

10.0 

44.5 

--- dO- _ 

68.2 

9.6 

2.2 

33.3 

12.7 

42.1 

.. <lo. . 

{205) 

73.9 

8.2 

2.1 

38.2 

15.0 

35.6 

do__ 

. 76.3 

8.4 

2.2 

20.8 

7.6 

61.0 

- - - do _ 

{205) 

75.6 

10.2 

2.7 

22.9 

7.9 

56.4 

do_ 

62.9 

8.1 

2.9 

16.8 

5.1 

67.0 

. - do.- 

^ {205) 

69.5 

8.3 

2.8 

22.5 

7.1 

59.4 

do-- . 

65.2 

21.2 

2.0 

29.6 

9.2 

38.0 

dO- -. 

(206) 

65.2 

21.5 

3.3 

35.7 

9.7 

29. H 

do... 

{205) 

57.2 

19.6 

2.1 

33.5 1 

8.9 

35.8 

- - do . 

(206) 

67.9 

21.4 1 

2.7 

32.0 

10.0 

34.0 1 

- do 

(206) 

57.7 

9.8 1 

3.6 

23.5 

5.0 

54.2 1 

- -do 

(472) 

67.2 

15.4 

3.6 

30.2 

7.9 

41.6 : 

- do. . 

75.4 

10.6 

1.5 

26.7 

8.2 

53.0 

U'onerete trench 

f (2S/, 

75.5 

9.2 

3.9 

39.0 

8.2 

39.7 

/ silo. 

1 fS2) 

79.6 

12.6 

1.6 

24.7 

8.4 

54.0 

Tower _ 

(281, 

282) 

75.4 

12.6 

3.6 

31.0 

7.6 

45.2 

- -do _ 

81.0 

8.4 

2.6 

27.0 

10.0 

52.1 

_ do _ . 

(129) 

80.8 

7.8 

3.0 

29,7 

9.8 j 

40.8 

do _ 



The percentage of ash and fiber especially, and in many cases of fat also, increase 
somewhat during the ensiling process owing, as has already been stated, to tlic 
greater loss in carbohydrate, or nitrogen-free extract. 

From data of this kind, however, it is difficult to obtain any real comprehensi^)’ 
of the changes that take place during the ensiling process. To do this, the ainom ’ 
of dry matter lost must also be taken into account; that is, the actual weights nf 11 m 
dry matter in both the fresh crops and the silage are the only safe criteria from 
which losses can be determined. 

Feed Values of Hay, Silage, and Fresh Crops 

The nutritive value of feeds, fresh, ensiled, or field-cured (sec the article. The 
Nutritive V^uc of Harvested Forages, p. 966), is dependent on several factors— 
yield, palatability, composition, digestibility, and physiological effect upon the 
animal organism. . . ... 

The co^cient of digestibility of the feed nutrients m the green crop, m silage, 
and in field-cured hay has been studied by Drew, O’Sullivan, and Deasy (S81), who 
found that good silage is little, if at all, inferior to the green crop. 

In a recent survey made by the New Jersey and other agricultural experiment 
stations (.8£1), 214 farmers considered grass silage superior to hay, 63 noted no 
difference tetween grass silage and hay, while 13 thought the silage inferior. 
Incidentally, 164 farmers and feeders considered grara silage equal to com silage 
for milk production, 116 believed it superior, and 57 inferior. 
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Experiments with oat and vetch silage indicate that it does not differ materially 
in composition (on the dry basis) from the hay or the fresh crop {1256). In com¬ 
paring the feed value of silages, it should be remembered that the moisture content 
plays a large role. If, for example, one silage has 75 percent of water and another 
80, then in all feeding tests 50 pounds of the latter must be used to replace 40 
of the former. 

The role of mineral acids present in fodder on the animal organism has been 
studied by Crasemann {239), who concluded that when silage of the A. I. V. type 
is fed to animals it produces an acid reaction in the system and an increase in the 
amount of ammonia and of calcium in the uriue; that the feeding of such fodder 
results in an attack upon the base reserves of the animal tissues; and that such 
acid-containing feeds should be fed only in connection with high-alkaline hay. 

While there is apparently no loss of carotene or vitamin A during ensiling, 
Watson and Ferguson {1192) have concluded that A. I. V. silage is not so efficient 
as hay artificially dried. Further, while A. I. V. grass silage has about the same 
feed value as natural-fermentation silage, the latter is more convenient for general 
use {281 y 282). 

The opinion of other investigators is that silage prepared witli the aid of mineral 
acids should not be fed too liberally because of possible harmful effect on the animal 
organism due to the action of the chlorine and sulfuric acid ions. These ions may 
likewise act injuriously through manure spread upon soils poor in lime, and hence 
every attempt should be made to replace mineral acids {4^4)^ 

On the other hand, Davies, Botham, and Thompson (137) found the loss of 
starch equivalent by the A. I. V. process to be only 12.8 percent as compared with 
24.0 in silage to which molasses was added and 36.2 in ordinary silage. The corre¬ 
sponding losses in digestible crude protein were, respectively. 7.8, 21.1, and 38.2 
percent, thus indicating the superiority of A. I. V. silage* from this standpoint. 

Furthermore, Virtanen {1169) showed that the nonprotein nitrogen of A. I. V. 
silage is made up largely of peptides with litfle ammonia, whereas ordinary silage 
contains little peptides and considerable ammonia. Hence the feeding value of 
nonprotein fractions of A. I. V. silage is superior to that of ordinary silage. It was 
also shown that the amount of calcium and of phosphorus in the blood of cows 
that had been fed with A. I. V. silage throughout the winter was normal; that the 
composition of the teeth and bones of animals fed during a long period was essen¬ 
tially the same as that of animals living on ordinary winter forage; and that though 
the acidity of the urine increased appreciably, no significant amount of carbonic 
acid was found. Virtanen fed a limestone mixture containing (Uie-third dehy¬ 
drated soda in connection with A. I. V. silage and noted that cows consuming as 
much as 45 pounds daily of this silage mixture gave birth to healthy calves. 



NUTRITIVE VALUE 
OF MISCELLANEOUS FEEDS 


by Earl W. McComas and Thompson E. Woodward < 


THE preceding articles have discussed the nutritive value of growing 
plants on pasture and range, and of the principal kinds of harvested forage. 
In addition, there are scores of miscellaneous feeds useful for livestock, 
including many byproducts from the industries that process human foods. 
Some are widely, some only locally available. This article considers the 
more important products, giving brief descriptions and analyses in most 
cases, and in some cases pointing out precautions that the farmer should 
keep in mind. 


There is an extensive list of feeds for livestock consisting chiefly of 
byproducts from the milling and processing of foods for human use, 
and these byproduct feeds are of considerable economic importance. 
Complete yearly statistics on the volume and value of a 1 byproducts 
used for livestock feeding are lacking, but the estimate of the Bureau 
of Agricultural Economics, based on available data, indicates an 
average annual utilization for the period 1935-38 of the concentrate 
byproducts, excluding dried skim milk, whey, and buttermilk, ol 
10,899,000 tons, valued at $305,060,000. These figures do not in¬ 
clude any dry roughages such as hulls, stover, or straw, wliich in the 
aggregate constitute a very substantial source of energy for particular 
kinds and classes of animals when fed as part of a complete ration. 

This group of miscellaneous feeds includes some concentrates rich 
in carb(mydrates and fat, the chief sources of energy, and others rich 
in protein, the body-building nutrient. Protein concentrates are 
widely used to balance rations—which means to increase their effi¬ 
ciency. Included in the concentrates are feeds particularly valuable 
as sources of minerals and of vitamins. In f^t, every known nutri¬ 
tive essential could be furnished by the materials in this group {819)} 
Information on the presence of these essential factors in some of 
the feedstuffs under di^ussion is still fragmentary. New facts are 

1 Earl W. MoOomaa is Animal Husbandman, Bureau of Animal Industry; and Thompson £. Wood¬ 
ward is Senior Animal Husbandman, Bureau of Dairy Industry. 

< Italic numbers in parentheses refer to Literature Cited, p. 1075 
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constantly being added to knowledge of the properties of these 
materials. It is the purpose of this article to set forth bnefly sonie 
of the pertinent facts that are now known. 

It should be pointed out here that through the establishment of 
definitions and standards the Association of American Feed Control 
Officials has been instrumental in simplifying and unifying the Federal 
and State feed laws, wliich cover the composition and labeling of feeds 
and are designed also to eliminate misrepresentation as to composition. 
These advances in uniformity make it easier to select the feeds that 
best serve a particular need and to know the quality of the product 
offered for sale. For instance, when the term “quality” is used in the 
name of a feed to denote superior character, as “43-percent protein 
Cottonseed Meal Prime Quality.” the feed must satisfy specific re¬ 
quirements. A product with the same percentage of protein, but 
below the standard set for prime quality, should be labeled “43-per¬ 
cent protein Cottonseed Meal. Off Quality.” 

SEEDS, NUTS, AND THEIR BYPRODUCTS 

Many of the seeds and seed byproducts are important sources of 
protein. This is especially true oi such oil-bearing seeds as soybeans, 
which contain nearly 40 percent of protein, cottonseed with over 20 
percent, and flaxseed with nearly 25 percent. Though relatively rich 
in protein and containing fat or carbohydrates in abundance, the non- 
leguminous seeds are usually deficient in calcium and none too rich 
in phosphorus. Calcium amounts to less than 0.1 percent of cotton¬ 
seed and about 0.25 percent of flaxseed. Flaxseed has more phos¬ 
phorus than the other more common seeds in this group, that element 
constituting 0.66 percent of the total weight of the seed. 

The oilseed byproducts, in the form of meal or cake, contain from 
30 to 48 percent of protein. Those with the higher protein percent¬ 
ages are especially valuable as supplements to the common home¬ 
grown cereal feeefs such as corn, barley, oats, rice, and other car¬ 
bohydrate concentrates. The process of oil extraction from oil¬ 
bearing seeds yields products in the form of cake or meal not only 
with a higher percentage of protein than was present in the whofe 
seed, but with a higher percentage of mineral matter also. Cotton¬ 
seed meal, for example, contains a larger proi)ortion of protein than 
the seed itself, and more phosphorus and calcium as well. 

It was formerly believed that cottonseed byproducts caused 
symptoms of poisoning—blindness and staggering gait—in livestock, 
due to a toxic substance (gossypol) in the meal, and that therefore 
they should be fed only in limited quantities and then not over long 
penods or to young stock. Subsequent investigations showed that 
siniilar symptoms were exhibited as a result of vitamin A deficiency. 
It is now known that this nutritional disorder can be prevented in 
cattle by supplementing a ration containing cottonseed meal with 
vitamin A rich materials such as alfalfa-leaf meal, leafy alfalfa hay, 
silage made from immature crops, or green pasturage. Experimental 
results by Woodward {1269) indicate that young dairy calves under 3 
months of age cannot be fed laige quantities of cottonseed meal with 
safety, even when alfalfa hay of good green color is included in the 
ration. With hogs, however* the problem has been found to be more 
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complicated, althoxigh it is reco^ized that cottonseed meal may be 
fed to hogs without danger of injuring them if the quantity is limited 
to 9 percent of the ration. Mavnard (769) intimates that further dis¬ 
closures on causes of cottonseed-meal injury may be expected. 

Some of the oilseed byproducts offered for sale are pressed into par¬ 
ticular shapes, such as cubes or pellets, in order to lessen waste in feed¬ 
ing. To be sold under the label “Prime Quality,” they should contain 
not less than 36 percent of crude protein and meet certain require¬ 
ments of wholesomeness, etc. When the cake is broken and sorted 
into various sizes, such as nut, sheep, or pea, it is fed to greater ad¬ 
vantage imder some conditions. Pea-sized or sheep-sized cakes, for 
example, are better suited to calf and sheep feeding on the range or 
pasture when a supplement of this kind is needed. 

Meal resulting from the extraction of oil from com, either by the 
hydraulic (old) process or the solvent process, is known as com-oil 
meal. The protein in the com-oil meal produced by the old process 
amounts to nearly 23 percent, about 1 percent less than that in the 
other, but the digestible nutrients total nearly 79 percent, about 8 per¬ 
cent more. Both products are used in hog and poultry feeding and 
are considered particularly desirable for poultry. 

Soybean-oil meal and cake are becoming available in larger quan¬ 
tities each year. These byproducts contain different percentages of 
protein, but the highest grade contains as much as 48 percent of protein 
and about 84 of total digestible nutrients. Oil-extraction processes 
in which the meal is heated to a rather high temperature yield a product 
that appears to give better results in hog and poultry feeding than 
meal not so treated {W9,210), but this is not necessarily true for cattle 
(611) or other classes of stock. Soybean-oil meal has not been e.xperi- 
mentally fed as extensively as cottonseed meal, for example, but results 
so far indicate that it has about the same value as cottonseed meal on a 
tonnage basis. ^ It appears that there should be further experimenta¬ 
tion to determine the relative effectiveness of soybean meal and other 
more widely used supplements, such as cottonseed meal and linseed 
meal, in producing fat cattle with a high degree of finish. 

Peanute are rich in oil and contain nearly 25 percent of protein. 
They are a more desirable feed for cattle or sheep than for hogs, be¬ 
cause they tend to produce soft or oily pork. Peanut-oil meal, particu¬ 
larly when produced by the solvent process, is a very desirable protein 
concentrate, for it is rich in protein and low in fiber, has a higli j)i'r- 
centage of total digestible nutrients, and is very appetizing. 

Some of the seed byproducts on the market contain a relatively 
low percentage of nutrients and considerable fiber, especially those 
that are a mixture of meal and hulls. Such materials should bear a 
distinct name when offered for sale—for example, “cottonseed feed,” 
“oat millfeed,” etc. 

As used here, the term “miscellaneous feeds” also embraces a 
number of byproducts suitable for certain classes of animals even 
though some of the materials contain relatively laige percentages of 
fiber. Hulls from oil-bearing seeds and from other seeds and nuts 
contain considerable quantities of fiber, yet cattle and other ruminants 
are equipped by nature to utilize them satisfactorily, provided the 
rations are otherwise adequate. Some of these low^ade byproducts 
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are important sources of roughage in particular localities. Cottonseed 
hulls, for example, are much used m the vicinity of cottonseed-oil 
mills in the Southern and parts of the Southwestern States. Although, 
as shown in the tables (Composition of the Principal Feedstuffs Used 
for Livestock, p. 1065), this feeding material contains fully 88 percent 
as much of total digestible nutrients as red clover hay, it is extremely 
deficient in vitamin A and low in calcium and phosphorus, all of which 
are essential to livestock. Peanut hidls have very little feeding value. 
Their fiber content has been reported to range from 51 to over 71 
percent. 

Several other seed byproducts deserve mention because of their 
availability in certain parts of the countrj'. 

Coconut (copra) oil cake or meal contains about 21 percent of 
protein, and when produced by the hydraulic (old) process has a 
small percentage of phosphorus. It is favored for dairy cattle in 
the Pacific Coast States because it tends to produce firm butter, and 
it has given satisfactorj' results when used in rations for other classes 
of stock. 

Sesame-seed meal, according to Folger (365), and sunflower-seed 
cake, although not marketed extensively in this country, are desirable 
sources of protein. Meal and cakes from hempseed, from the nuts of 
several varieties of palms, and from rapeseed and rubber seed, contain 
varying percentages of protein and other nutrients but are of little 
importance as feed sources at present. Their composition and 
digestibility are shown in the tables (pp. 1067-1074). 

Straw from legumes harvested for seed, like that from soybeans, 
alfalfa, peanuts, and various clovers, varies considerably in com¬ 
position with tbe kind of legume and also with the proportion of 
legume plants to others, including weeds, as well as with the extent 
to which the leaves of the legume have been included. It may be 
said that the finer the stems of the plant and the higher the pro- 

f )ortion of leaves to stems, the greater will be the feeding value of 
egume straw. 

As has been pointed out in the article. The Nutritive Value of 
Harvested Forages (p. 956), legume hays are rich in protein, hut 
legume straw,_ as a rule, has very much less protein and is generally 
comparable with straw from the cereals in total digestible nutrients. 
Additional protein is therefore usually needed in a ration made up 
lareely of legume straw. 

Pea-cannerv waste is the green roughage remaining after the peas 
have been hulled for canning. This product contains a little over 75 
percent of moisture, and in this respect may be compared with corn- 
stover silage. However, it is nearly three times as rich in digestible 
protein and has about 40 percent more of total digestible nutrients 
than the stover silage. The cannery waste is often put into the silo 
for storag^e, but may be preserved by drying when this can be accom¬ 
plished with sufficient economy. 

Byproducts of the cereal grains and their milling include not only 
bran, middlings, and shorts, which are used extensively in feeding 
livestock, but also wheat and com germ, com-gluten meal, com-gluten 
feed, hominy meal, rice polish, brewers’ rice, screenings, and other 
materials similar in composition and feeding value. 



MISCELLANEOUS FEEDS 


1021 


Wheat bran is the coarse outer covering of the wheat kernel as 
separated from cleaned and scoured wheat in the usual process of 
commercial milling. It contains nearly 16 percent of protein, a little 
over 8 of crude fiber, and more than 50 percent of eneigy-producing 
nutrients, and is very rich in phosphorus. It is appetizing, and like 
linseed meal is valued also because it tends to have a laxative effect. 
Middlings and shorts are somewhat variable in composition, depending 
on the proportion of bran particles, germ, and fiber, but they contain 
more total nutrients than bran. Wheat standard middlings, for 
example, should consist mostly of fine particles of bran and germ and 
should contain not more than 9.5 percent of crude fiber. I^eat 
shorts may be termed white, gray, or brown (red), depending on the ex¬ 
tent to which fibrous offal from the “tail of the mill” has been included 
and the percentage of crude fiber. Wheat white shorts, for example, 
should not contain more than 3.5 percent of crude fiber, whereas 
the gray may contain 6, and the brown or red up to 7.5 percent. 

Corn-germ meal is similar in composition and digestibility to com¬ 
oil meal, mentioned previously. It may consist of com germ from 
which part of the oil has been pressed and of other parts of the kernel. 
Wlieat-germ meal usually contains a little more protein than com- 
gemi meal, and although low in calcium it is rich in phosphoms. 
Com-gluten meal is that part of commercial shelled corn that remains 
after the extraction of the larger part of the starch and germ and the 
separation of the bran by the process enmloyed in the wet-milling 
manufacture of cornstarch or corn sirup. Containing over 40 percent 
of protein and little fiber, it is rich in total digestible nutrients but 
gives best results when fed with other protein concentrates like soy¬ 
bean meal, wluch contain proteins not found in the gluten meal. 
These are especially desirable ingredients in hog, dairy cattle, and 
poultiy rations. Com-gluten feed is that part of commercial shelled 
com that remains after the extraction of the lai^er part of the starch 
and germ by the processes employed in the wet-milling manufacture 
of cornstarch or simp. Com-glulen feed, except when standardized 
to a specific protein content, varies in composition, depending upon 
the extent to which the com byproducts, gluten meal, bran, smublos. 
and corn-oil meal, are included and upon the proportions of these in 
the product. It is used largely in dairy-cattle rations in combination 
with other protein-rich feeds. 

Brewers’ rice consists of broken kernels resulting from the hulling 

f rocess; it is high in energy-producing material but low in protein, 
ts total nutritive value approximates that of barley. Experimental 
work has shown it to be a valuable hog feed, especially as a “harden¬ 
ing” feed to overcome the soft fat produced in hogs fed on peanuts 
and other feed high in oil. Rice bran consists of the bran layer, to¬ 
gether with a smsdl quantity of hull fragments which are unavoidably 
mcluded in the regular miUmg of rice. Rice polish is the finely pow¬ 
dered material obtained in polishing the kernel after the hulls and 
bran have been removed. Rice bran and rice polish contain about 
12 percent of protein, but rice polish usually contains somewhat more 
total digestible nutrients. Rice hulls are not considered desirable 
feeding material, on account of thtdr flinty nature and their low con¬ 
tent of digestible nutrients. 
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One of the byproducts from the cereal grains, known as screenings, 
is extremely variable in composition, wliich depends on the kind and 
quality of grain from wliich it is separated, as well ^ on the kinds and 
proportion of weed seeds and other foreign material. Grain screen¬ 
ings should not contain more than 14 percent of fiber nor oyer 6.5 per¬ 
cent of mineral matter. Grain screenmgs waste, screenings refuse, 
and scourings are low-grade byproducts obtained in the process of 
cleaning cereal grains and are of relatively little value as feeds. 

Residues from the cereal grains used by brewers and distillers are 
for the most part dried and sold as brewers’ dried grains, distillers' 
dried grains, distillers’ solubles, malt sprouts, etc. Rrewers’ dried 
grains are defined as “the dried extracted residue of barley malt alone 
or in mixture with other cereal grain or grain i)roduct8 resulting from 
the manufacture of wort’’ {48), the malt infusion used in making beer. 
'They contain about 27 percent of protein and about 7 of fat. Possess¬ 
ing a total of about 66 percent of digestible nutrients, they are com¬ 
parable to oats, but have less energy-producing nutrients and a little 
more fiber. 

Distillers’ dried grains are sold under the name of the grain used or 
wluch predominates in a mixture as, for example, “com distillers’ 
dried grains.” The composition of distillers’ dried grains varies with 
the kind or kinds of grain in a mixture. The feed made from com has 
about 31 percent of protein, and the total digestible nutrients amount 
to about 90 percent. The product from rye contains about 25 percent 
of protein and about 57 of total digestible nutrients, and is much less 
appetizing. 

Malt sprouts obtained as a brewery byproduct from barley are not 
particularly appetizing, but they have about the same percentage of 
protein as high-grade brewers’ dried grain and about 5 percent more 
total digestible nutrients. 

Dried yeast is of particular value in ]>oultrj’ feeding, not only be¬ 
cause it is rich in vitamin G, but also because it is relatively high in 
protein. The product known as irradiated yeast takes its name from 
the special treatment applied to strengthen its antirachitic properties. 

Other cereal grain byproducts such as straw, com, or sorghum 
stover and oat hulls, commonly classified as low-grade roughages, are 
rather high in fiber and low in protein, and have relativdy Uttle of 
other nutrients. The total of digestible nutrients ranges from about 
37 percent in flax straw to about 51 in com stover. On the whole, 
these roughages are poor in calcium, jihosphorus, and the vitamins. 
Notwithstantog a considerable variation among the different kinds 
of straw and the stovers with respect to composition, some of them— 
oat straw and com stover, for example—are of considerable value in 
maintenance rations. However, supplements rich in protein and 
minerals, and, particularly in the case of young stock, in vitamin A 
also, must be fed with them for satisfactory results. Wheat and rye 
straw stems are so stiff and buckwheat straw has so low a content of 
nutrients that these are less desirable for feeding. Rice straw, with 
slightly more total digestible nutrients than wheat straw, can be used 
satisfactorily in maintenance rations when properly supplemented. 
Barley straw is ordinarily more nutritious than wheat straw, but when 
the awned varieties are fully matured at the time of harvest the straw 
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may prove to be an unsatisfactory feed, because the awns (beards) 
may tend to cause sore mouths. In parts of the West, the presence 
of the weed foxtail {Hordeum murinum) in straw may seriously 
impair its value as a feed. 

Well-cured com stover with most of the leaves present is probably 
the most valuable of the roughages in this group, for the finer parts 
are readily eaten when fed to cattle and sheep as the principal part of 
their wintering ration. The coarse stalks are not eaten to any great 
extent unless the stover is run through a feed cutter or shredder. 
When cut or shredded stover is properly supplemented, it has been 
shown to be about equal to timothy hay for wintering horses. 

Refuse from sweet-com canneries contains about 84 percent of 
moisture and total digestible nutrients amounting to slightly over 10 
percent, including 0.8 percent of digestible protein. Thus it has about 
the same composition as cora-stover sihige and may be ensiled to 
prevent excessive spoilage if it is to be fed over an extended period. 

PRODUCTS FROM ANIMAL AND MARINE SOURCES 


Products from animal and marine sources make an important 
contribution to the total supply of feed nutrients, more particularly 
protein and minerals. These materials include the edible refuse from 
meat-packing establishments and fish canneries, as well as the byprod¬ 
ucts mom creameries and cheese factories. Different drying proc¬ 
esses are used in the preparation of protein concentrates such as 
these. The biolo^cal value of the protein is reduced somewhat when 
tlie product is dried at liigh temperatures. For tWs reason, those 
products which have not been subjected to very high temperatures 
are to be preferred when they are to be used for promoting growth or 
the repair of body tissue. 

The product blood meal is 82-percent protein; high-grade digester 
tankage or meat-meal tankage contains 60 percent of protein and as 
defined must not contain over 4.37 percent of phosphorus. Tankage 
produced from animal tissues and bones usually contains more than 
4.37 percent of phosphorus and niust bear a name indicating its 
source, such as “digester tankage with bone,” or “meat and boneme:il 
digester tankage.” Meat-meal digester tankage, although primiuil\ 
protein concentrate, is relatively rich in calcium also. These pro* 1 u * i - 
are used almost entirely and quite effectively in feeding hogs iind 
poultry, but results at several experiment stations indicate that tank¬ 
age made from meat scraps by the dry-rendering process can be used 
satisfactorily in rations for cattle and sheep. 

Meat-packing byproducts also include oonemeal sold for feedmg 
purposes under such names as “raw bonemeal,” “steamed bonemeal,” 
and “special steamed bonemeal.” Raw bonemeal should not con¬ 
tain less than 23 percent of protein, whereas steamed boneme^ usuaUy 
does not have more than half that amount. Bonemeal is impor¬ 
tant as a source of calcium and phosphorus, being particularly 
useful as a supplement to pasture and other feeds deficient m these 


Whole is recognized as an ideal feed for young animab. Its 
composition varies somewhat among species and even amoi^ breeds, 
chai^g also as the lactation period advances. This variation is due 
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lai^ely to differences in the fat content, but to a lesser extent to dif¬ 
ferences in amounts of lactose, protein, and minerals. 

Cow’s milk only is available in this country for feeding, but the 
demand for it for nmnan use, together with the economic and practical 
problems of transportation and storage, preclude the movement of 
fresh milk in trade channels for use in feeding livestock. 

Dried skim milk is especially desirable in poultry and swine rations 
and in rations for young calves when it is necessary to raise them 
without whole milk or fresh skim milk. It contains nearly 85 percent 
of total digestible nutrients, including about 33 percent of digestible 
protein, is rich in vitamin G, and approximately half of the mineral 
matter consists of calcium and phosphorus. 

Dried buttermilk is used largely in swine and poultry feeding, but 
it has been fed satisfactorily to calves. It contains approximately 
85 percent of total digestible nutrients and should not have more than 
13 percent of minerals, but it should possess at least 5 percent of 
butterfat. It contains slightly less protein than dried skim milk, 
but is rich in vitamin G. 

Dried whey, a byproduct from cheese making and from processing 
skim milk to make casein, is especially useful in poultry feeding, 
largely because of its vitamin G content, but also because it contains 
about 84 percent of total digestible nutrients. The digestible protein 
does not exceed 12 percent. This product has proved satisfactory for 
swine feeding also because of its high digestibility. 

Fish meal and fish-residue meal, prepared either from the entire 
fish or from fish and bone scraps constituting byproducts of canneries, 
furnish a protein that gives particularly good results when fed to hogs 
and poultry. However, the nutritive value of fish meal has been 
found to varj’^ more with the different manufacturing processes than 
with the variety of fish used. For e.xample, vacuum- and steam-dried 
meals induced more favorable growth experimentally than the flame- 
dried meals {25it). High-grade fish meal may contain as much as 60 
percent of protein. A relatively low fat content and low moisture 
content are preferred because they tend to make the meal less likely 
to become rancid. Crab and shrimp meals of the best grade are rich 
in protein, for the former has not less than 25 and the Tatter over 40 
percent, but these should not contain over 3 percent of salt. Prop¬ 
erly prepared whale meal is similar to tankage containing about 50 
percent of protein. 

ROOTS AND UNDERGROUND STEMS 

In the group of miscellaneous feeds commonly known as roots and 
tubers, or undeiground stems, are the ordinary stock beet, sugar beet, 
cassava, carrot, chufa, Jerusalem-artichoke, mangel-wurzel, parsnip, 
potato, sweetpotato, rutabaga or swede, and turnip. Although they 
contain a hi^ percent^e of water, the dry matter in them is highly 
digestible. Their nutrients are chiefly enei^ producing, but certain 
of them are important sources of vitamins. Yellow' carrots, for exam¬ 
ple, are particularly good sources of carotene, a vitamin A precursor, 
and swMi||l»tatoes rank next among root crops in this respect. Accord- 
ing to {591), sweetpotatoes are a good source of vitamin B (old 
terminoHI^) and contain some vitamin C also. Beet and carrot tops 
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are rich sources of vitamin G. The feeding value of root crops depends 
to a large extent upon the content of moisture. Sugar beets are 
more valuable than mangels. From 1 to 2 pounds of feed of this sort 
may be considered approximately equal to a pound of silage, depend¬ 
ing upon the extent to which they are fed, but concentrates should be 
fed with them in kind and quantity to provide an adequate supply of 
essential nutrients in the ration. They should always be chopped or 
sliced when they are fed to animals, but may be fed whole to poultry. 

SUPPLEMENTARY FEEDSTUFFS 

There are several materials of importance in a consideration of 
animal feeds, either because they serve to correct deficiencies in many 
of the staples or are needed to fortify the rations of animals whose 
particular type of activity makes special demands. These include 
minerals and feeds containing calcium, phosphorus, iodine, and other 
nutritive elements required by animals. Browne {164). in the 1938 
Yearbook of Agriculture, discussed the factors influencing the mineral 
content of crops, pointing out that crops from soils deficient in certain 
minerals may themselves be deficient. Statements as to the mineral 
content of feeds discussed in this article are based on averages of 
analyses of feeds from all sources, for most of the data were obtained 
from feetlstuffs whose locality of origin was not known. 

For example, limestone flour, wood ashes, and oystershell are rich 
in calcium. Raw bonemeal and steamed bonemeal, bone ash, spent 
bone black, and dicalcium phosphate supply phosphorus as well as 
calcium. Iodine is an important mineral supplement under certain 
circumstances; it is usually supplied in the form of sodium iodide or 
potassium iodide. However, it should be fed only when needed to 
prevent goiter, hairlessiiess, and certain other disorder resulting from 
iodine deficiency. In many parts of the country the soil is not defi¬ 
cient in iodine, and the livestock produced there seldom, if ever, 
reipiire an iodine supplement in their rations. Fish meal from marine 
sources, dried kelp, and cod-liver oil also contain iodine. 

Occasionally vitamins must be added to feed combinations when 
they are deficient in one or more of these substances, or mider othei 
specific conditions, as when poultry or other stock are deprived o' 
sunlight, green feeds, or other natural sources of vitamins. A great 
deal of attention is being given to the study of vitamins and tlieii 
relation to the welfare of livestock, yet it is admitted that knowledge 
on this subject is still limited. However, it has been determinctl 
that liberal quantities of vitamins A and D especially are required by 
livestock. It is now recognized that green-colored forage contains 
carotene, hence bright-green alfalfa-leaf meal, like high-grade hay, 
is a particularly desirable supplement for correcting vitamin A de¬ 
ficiency. Greenness, however, though a good index of the carotene 
content of cured herbage, is not necessarily an infallible one. Carotene 
is only one of several yellow pigments found in foods and feeds. 

Fish oils, especially cod-liver oil, are sources of vitamin A and 
vitamin D as well. Methods for the determination of vitamin A 
and vitamin D have been refined so that it is possible to determine 
fairly accurately the content of these nutritive factors in foods and 
feeds Standards have been established for products intended for 

14131*4°—39-66 
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animal as well as human consumption. For example, according to a 
suggested standard, cod-liver oil must contain not less than 600 
U. S. P. (U. S. Pharmacopoeia) units of vitamin A, and not less than 
85 A. O. A. C. chick units ® of vitamin D per gram. Dried tomato 
pomace is rich in Aritamin A and has heen used satisfactorily as a sup¬ 
plement in dairy cattle and poultry rations. Milk byproducts, such 
as dried skim milk, dried buttermilk, and dried whey, are rich sources 
of vitamin G, which appears to be especially needed by poultry for 
growth. Yeast, which is ordinarily used in the dry form for feeding, 
also contains vitamin G in abundance. 

Wheat germ and wheat-germ oil are sources of vitamin E. Although 
vitamin E appears necessary for reproduction in the case of poultry, 
the need of other livestock for this vitamin is open^ to question. Most 
feedstuffs contain appreciable amounts of vitamin E, and thus far, 
no clear-cut conditions have been defined that would warrant the 
addition of vitamin E-rich supplements expressly for the purpose of 
correcting reproductive deficiencies in cattle, sheep,, goats, horses, 
mules, or hogs. 

Byproducts from the manufacture of sugar from sugar beets and 
sugarcane are of interest mainly because they are very appetizing and 
thus tend to induce greater consumption of less attractive feeds when 
mixed with them. At the same time, they serve as sources of energy, 
for even the fiber in beet pulp, which amounts to about 19 percent, is 
highly digestible. Dried beet pulp, molasses beet pulp, beet molasses, 
sugarcane molasses (blackstrap), and even low-grade sugar are by¬ 
products well suited for use in feeding livestock. 

Dried beet pulp contains less than 10 percent of protein but abotit 
70 percent of total digestible nutrients, and it is moderately rich in 
calcium. Dried molasses beet pulp is only slightly more valuable in 
terms of total digestible nutrients.^ These feeds are used to a con¬ 
siderable extent m rations for dairy cattle, and experiments have 
shown that they may replace a part of the grain in rations for beef 
cattle, sheep, and horses. _ Although supportmg evidence is not con¬ 
clusive, experiments at Miles City, Mont., at least suggest that the 
replacement of a part of the CTain by beet pulp in a fattening ration 
made up of barley and alfalm hay may reduce the tendency of the 
steers to bloat. 

Mola^es may be considered to be about 70 to 80 percent as valuable 
as coin^ in a ration, but it is of greatest value when fed in moderate 
quantities. Both beet and sugarcane molasses contain considerable 
mineral matter, but that from beets is decidedly deficient in calcium, 
and cane molasses has only a moderate amount. 

* See Practical Nutritive Requirements of Poultry, footnote y, p. 7U7 



DEFICIENT AND EXCESS MINERALS IN 
FDRAGE IN THE DNITED STATES 


by A. M. Hartman < 


I N various articles in this Yearbook the reader will find references to 
areas in which there are deficiencies or excesses of certain minerals severe 
enough to cause trouble with livestock. Where are these areas? A 
questionnaire was sent to all States to get together whatever definite 
information there was on this problem, which is a comparatively new one 
in animal nutrition. Here are the results of the questionnaire. They 
deal with phosphorus, calcium, iodine, cobalt, copper, iron, fluorine, 
selenium, and cyanides. Undoubtedly the information is far from 
complete, but no comprehensive survey of this kind has previously been 
made. 


In many parts of the world, symptoms of malnutrition or disease in 
livestock on certain areas have been traced to deficiencies of nutri¬ 
tionally essential mineral elements in the available forage. In some of 
these areas, before the causes of the difficulties were discovered aiul 
remedial measures taken, there w'ere serious economic losses as thi' 
result of impaired productive capacity and death of animals. 

Such deficient areas have been known for some years to exist in tlu' 
United States, and the question of mineral deficiencies m forages lias 
at one time or another been investigated by many of the State experi¬ 
ment stations. As a result of the cooperative work of several bureaus 
of this Department and some of the experiment stations, a toxic 
condition that is sometimes fatal to livestock in certain of the Great 
Plains find western mountain States has been found to be caused by 
consumption of native forage (and also grain) containing excessive 
quantities of selenium. , 

In order to assemble for the Yearbook information on areas m each 
State where mineral deficiencies or excesses in the forage have been 
found to produce symptoms of malnutrition in livestock, a form 
letter requesting information bearing on this problem was sent to 

I a. M. Uartmaa Is Associate Chemist, Uivision of Nutrition and Physiology. Bureau of Dairy Industry. 
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each of the State experiment stations in October 1938. A map of the 
State was included for indicating affected areas. Replies to these 
inquiries were received from everjr State. A number of the States 
indicated either that no such deficiencies or excesses were known or 
that no invest^ations of the question had been made. In addition, 
there were States in which the reporters intimated that there might be 
a mineral deficiency of one element or another in relation to animal 
requirements in the State, either generally or in certain portions. 
This is true particularly in r^pd to phosphorus—for example, in a 
number of States of the Atlantic and Gulf Coastal Plains other than 
those listed as containing phosphorus-deficient areas. In none of 
these cases, however, were deficiency symptoms in animals reported. 
Statements would indicate that surveys of these States should be 
made before definite conclusions are drawn. 

In fact, there is sufficient evidence in the replies from many States 
to warrant much more thorough surveys than nave yet been made of 
conditions with regard to various mineral elemente. As su^ested in 
the article What Do We Need to Know in livesto'ck Nutrition? 
(p. 1045), there is evidently great need for more data and for the 
compilation, interpretation, and correlation of all data on (1) soil and 
climatic conditions, (2) mineral content of for^e, and (3) animal 
observations, to determine whether or not optimum^ conditions for 
mineral nutrition in the raising of livestock prevail in many range 
and pasture areas in the United States. 

Although it was not specifically requested in the letter, several 
States reported toxic effects on livestock of mineral matter in drinking 
water. Only in the case of fluorine have reports of such effects been 
included in the compilation. 

Careful consideration has been given to the information in the re¬ 
plies and on the maps, including publications of the State that were 
sent with, or cited in, the replies, and in some cases publications of 
the State that were referred te in those sent or cited. This informa¬ 
tion served, in the following compilations, as the only source in pre¬ 
paring the abstracts of the listed States; and the only references cited 
under each State are those mentioned above. In the compilation 
only those States have been included in which the material indicated 
that deleterious effects on livestock due to deficiency or excess of a 
given mineral had been observed. The reporters’ own interpreta¬ 
tions of conditions in their States have been taken, although in some 
instances the writer would not agree with them; this is particularly 
true in r^ard to calcium deficiencies. Where bone chewing in cattle 
has been i^orted, it has been taken as evidence of phosphorus de¬ 
ficiency. Care has been taken not to generalize from too few obser¬ 
vations or from observations that may have resulted from purely local 
farm conditions. 

In the abstracts, an attempt has been made to conform to the es¬ 
sentials of the pictures presented in the replies; in some instances 
material from the publications cited has been added. Where it ap- 

E eared convenient or expedient to do so, statements in the replies 
ave been quoted verbatim. The maps showing phosphorus and io¬ 
dine deficiencies (figs. 1 and 2) are based on the maps or the replies 
from the States. 
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Tlie writer takes this occasion to thank the reporters in every State 
for their replies. 

(Elsewhere in this volume mineral nutrition of various farm ani¬ 
mals has been discussed. A review and discussion of excess minerals 
is contained in the monograph of Mitchell and McClure {803).^ The 
monograph of Orr and Scherbatoff {879) deals with minerals in pas¬ 
tures.) 


DEFICIENCIES OF NUTRITIONALLY ESSENTIAL MINERAL ELEMENTS 

PHOSPHORUS 

Arizona 

“We have been working on this problem somewhat over a year and liave some 
analyses of forage and soils from some of the areas where deficiencies have been 
noted, particularly of phosphorus. * * * While the forages show phosphorus 
deficiency we have not a'^ yet found blood phosphorus correspondingly low’, 
though in some cases the catth^ had shown signs of deficiency some years. 

The average phosphorus content of samples of plants from each of several 
localities ranged from 0.034 to 0.109 percent (basis not stated): one to seven 
different kinds of plants were represented from each locality. (A.)^ 


Arkansas 

'^rhere is no region In Arkansas where mine.ral deficiencies of the forage have 
actually been demonstrated. How'ever, in a section known as the grand prairie 
area cattle have been observed eating bones. This area is in the cast central 
part of the State and includes considerable parts of Lonoke, Prairie, and Arkansa> 
CoLintias, a minor part of White County, and a very small part of Monroe County. 
Phosphorus dcficieiicic.s of the forage arc .suspected throughout other areas of the 
State. (B.) 

California 

“There is a deficiency of certain minerals, particularly phosphorus at certain 
seasons of the year on our dry foothill ranges due to the fact that the feed dries up 
and the seeds shatter*' (C). This is discussed in California Bulletin 543 {497), 

In an earlier publication {496), Hart and Guilbert reported that mild bone eat¬ 
ing had been observed in range herds in several counties of the State. 

Florida 

“Surveys are not complete but indications based on observation of cattle in 
dicate" at present phosphorus-deficient areas in west and in south central Florida 

“Pho.sphorus deficient areas in west Florida are high-iron soils. In -•;t: 
central Florida the areas are fine sands. The areas are nearly continuous ' I 


Kansas 

“There has been no survey of this State to find the sections in which there may be 
a phosphorus deficiency. I know' that there is a phosphorus deficiency in Allen 
County. ♦ ♦ ♦ I am quite sure that there is a large section in that part of the 

State where the forage crops during a good portion of the season are deficient in 
phosphorus content.” (H.) 

Louidana 


Lush (I) apparently feels that there are phosphorus deficiencies in portions of 
Louisiana, iie submits average values of analyses (air-dried basis) for this ele¬ 
ment in forage from various areas in the State. The lowest phosphorus figure is 
0.097 percent of phosphorus (=0.223 percent of P 2 O 6 , or phosphorus pentoxide), 
indicated on a map as being in Allen Parish. Low’ phosphorus figures also 
occurred in several other parishes. No statement is made regarding definite 


* Italic numbers in parentheses refer to Literature Cited, p. 1075. 

* Capital letters in parentheses refer to the Individuals in the States, listed at the end of this article (p. 
1042), who made the relies. Quoted material is from these replies unless indicated otherwise by refer¬ 
ence to Literature Cit^ 
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phosphorus-deficiency symptoms in livestock in Louisiana, although Lush has 
written (700) of having observed abnormal bone formation in catth n pasture 
where the phosphorus in some samples of the forage was rather 

Lush states in regard to areas which he indicates on his map as being deficient 


in both cfdcium and phosphorus: ^ ui ^ / 

**We have not determined by feeding expenments or bl^d analysis that all of 
these areas are deficient, assuming them to be so because the forage samples were 
from the better than average farms in the same soil area, (1.) 

Literature references sent with or cited in the reply are (/w), and (701). 


Michigan 

“Reports from farmers indicate a rather widespread, though, not gencr^, phos- 
phorus deficiency in dairy rations, particularly when the rations consist almost 
entirely of home-grown feeds. In a few cases, these reports have been investi¬ 
gated and a phosphorus deficiency established. No survey of the btate has been 
made, however, to determine phosphorus deficiency syinptoins^in ^^^y herds, 
hence no areas can be set aside as definitely phosphorus deficient. 

Results of investigations of phosphorus deficiency in dairy cattle in Michigan 
under field (SS3) and experimental conditions (552) have been reported by Huff¬ 
man and his associates. 

Minnesota 

The phosphorus deficiency in the native forage in Minnesota and its effect upon 
cattle have been comprehensively investigated in field and experimental studies. 
A number of reports dealing with various aspects of the results have been published 
by Eckles and Palmer and their associates. Reference is made particularly to 
Minnesota Bulletin 229 (295) and Technical Bulletin 91 (298). The latter sum¬ 
marizes the results and refers to a number of other papers on the subject by these 
workers. Further work on the effects of phosphorus deficiency on estrus and 
reproduction has been reported (299). 

In 1932 Eckles and his coworkers (298) stated that reports indicated that trouble 
from phosphorus deficiency was more or less prevalent in 30 counties in Minnesota, 
and in 1938 Clark (L), in his reply to the letter of inquiry, wrote as follows: 

“Experimental studies of phosphorus deficient native forage have been under 
way at the Minnesota Experiment Station for the past 15 years ♦ ♦ The 
location of the phosphorus deficiency in Minnesota is roughly that of the prairie 
region of the State * * *. All of the prairie is more or less highly calciferous 

and the available phosphorus in this soil is often quite low. In Traverse and lower 
Wilkin Counties the till is, in general, lake washed, having been the last bed of old 
glacier Lake Agassiz which covered the northwest prairie as well as the other north¬ 
west counties of the State. The present remainder of this old lake is the Red 
River, which forms the border of .the State from Traverse County north to Canada. 
It is probable that some of this soil is actually lower than normal in tetal phos¬ 
phorus as well as in available phosphorus. Undoubtedly, similar conditions exist 
on the western side of the Red River, which also forms a part of the old lake. 

“Not all of the prairie region of Minnesota has been studied for phosphorus 
deficiency symptoms in the livestock. The local conditions of feeding are, of 
course, important contributing factors. Special surveys were conducted in 
Norman County and in the western prairie section of Mahnomen and Becker 
Counties in the central northwestern part of the State. Phosphorus deficient 
cattle were found there. Like conditions were found on farms in Traverse and 
Big Stone Counties on the central western border and in Renville and Redwood 
Counties in the central southwestern part of the State. The condition was also 
identifi^ in the southeastern prairie region of the State. These facts support the 
conclusion that the basic condition prevails rather generally throughout the 
prairie region. 

“The studies made at the Minnesota station indicate that we are dealing with 
a permanent natural condition. As evidence may be cited the fact that phos¬ 
phorus deficient prairie hay which has been purchased for the experimental work 
at the Central Station has come for many years from the same farm in Mahnomen 
County.'' 

The average phosphorus content of 51 samples of prairie hay (air-dry basis) 
grown on the low-phosphorus soils in Minnesota, where phosphorus deficiency 
occurs among cattle, was 0.106 percent; each sample representea a different farm. 
Similarly, 5 samples of timothy hay averaged 0.112 percent (298). 
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Montana 

entire area east of the divide may be considered deficient in phosphorus. 
In nearly every part of this district, in extremely dry seasons, cattle show the 
classic symptoms of phosphorus deficiency." 

In wet years, with ample green forage, bone chewing and other symptoms are 
noticeable here in onlv a few separate sections whose combined area constitutes a 
minor proportion of the total. 

^‘Throughout the areas of greatest phosphorus deficiency, the use of bonemeal 
and other phosphatic supplements has b^n a necessary adjunct to successful 
stock growing." (M.) 

In several publications phosphorus deficiency in livestock {120S) and phosphorus 
analyses of forage crops {172, 436, 437, 863, 1018) in Montana are discussed. 
(M, M-1.) 

Nebraska 

In at least most of that area of Nebraska commonly called the sand hills section, 
the forage is considcjred deficient enough in phosphorus to affect economy of 
production and to cause symptoms of malnutrition in livestock when the latter 
are on uusupplemented winter feed or on range, at any rate in dry seasons. The 
deficiency is stated to be common enough so that most range men are now feeding 
a high-phosphorus mineral supplement, with beneficial results. 

Phosphorus deficiencies are strongly indicated or suspected in a number of 
other areas in the State. (N to X-4, inclusive, X h to X-9, inclusive.) 

Nevada 

Based on observation of the situation in regard to mineral deficiencies over a 
period of approxiinatcly 25 years, the following opinion is reported with respect 
to phosphorus in Nevada: 

In a small area, which constitutes a minor portion of Douglas County and 
borders on the southwest boundary of this county, there has been definite and more 
or less continuous evidence of phosphorus deficiency, in spite of an abundant food 
supply in the form of mixed pastures and hay. 

far as the rest of the State is concerned, we are of the opinion that it is also 
very much on the border line of pho.sphorus deficiency and that the feeding of 
phosphorus supplements is probably warranted on economic grounds-^tliis in 
spite of the fact that there is only occasionally gross evidence of phosphorus 
deficionev." (O.) 

New Mexico 

Phosphorus deficiency in the forage is considered to be the deficiency of greatest 
concern in New Mexico. Typical symptoms of phosphorus deficiency have been 
observed in cattle at times. 

A phosphorus and calcium survey has been made of the range forage> ami 
grasses of the State {1186). The first survey was conducted in 1932, a year i 
normal rainfall, during September and October when the plants were at matui ii' . 
on the dry-matter basis the values in a number of areas in widely distribun* 1 
portions of the State were below 0.113 percent, the approximate danger liiu' foi 
range cattle estimated by Watkins of the State experiment station (f/5 ), 1186). 
'Tn many of these low calcium and phosphorus areas that we have located" 
ranchers have reported inability to raise livestock profitably unless they supply 
mineral supplements. 

‘Tt has been a practice with many successful ranchmen in New Mexico for 
many years to feed bonemeal to prevent creeps and other troubles originating from 
lack of calcium and phosphorus in the forage." (P.) 

North Dakota 

Evidence of phosphorus deficiency in livestock, as judged from chewing of 
bones and run-down condition, was indicated for a number of counties in North 
Dakota in replies of county agents to questionnaires, particularly for McHenry, 
Benson, Hettinger, and Cass Counties, Replies were not received from all 
counties. Cravinj? of cows for bones, sticks, etc., were recounted in letters received 
from farmers. “The experience of a number of our stockrnen that the feeding of 
bonemeal has improved the health, reproduction, and milk production of their 
cows is further evidence indicating a phosphorus deficienev in certain cases. In 
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one of these areas where the feeding of bonemeal proved decidedly beneficial, the 
prairie hay contained 0.076 percent of P 2 O 6 compared to 0.229 percent or more in 
normal prairie hay.*' 

“On the basis of analyses feed crops may bo somewhat deficient in phosphorus. 
Analyses of alfalfa hay samples from 15 trial plots in the Red River Valley (1929“ 
30) ranged from 0.238 to 0.463 percent of phosphoric acid (PaOs), and averaged 
0.338 percent { 640 ). With the exception of three instances in the first cutting of 
1929, application of phosphatic fertilizer caused a material increase in the phos¬ 
phoric acid content of the hay. This may have been a result of increased leanness. 
These percentages, however, tend to range below the generally accepted average 
of about 0.50 percent for good alfalfa hay." (Q.) 

Oregon 

“While we do not have enough information to draw accurate regional phos¬ 
phorus deficiency maps, we do know that we have sections in which phosphorus 
deficiency symptoms show up in certain years. Wild and grass hays with phos¬ 
phorus contente around 0.10-0.13 percent arc not especially uncommon. We do 
not, however, have such striking regional deficiencies as, for example, the phos¬ 
phorus deficient area in western Minnesota. 

“We have a considerable amount of analytical information on alfalfa hay. 
Perhaps one-third of our phosphorus analyses fall under 0.20 percent P. With 
very few exceptions, cows fed on alfalfa hay show low inorganic blood phosphorus, 
but we are inclined to attribute this not so much to the low phosphorus content of 
the hay as to the high Ca/P ratio [ratio of calcium to phosphorus]." (R.) 


Tennessee 

A continuous area of about 5,000 square miles in one section of Tennessee (the 
Cumberland Plateau) is designated as producing crops deficient in minerals. 
“Animals in that area frequently exhibit the well-known symptoms of mineral 
deficiency such as chewing of wood, bones, and pasteboard boxes. Lesj^deza 
crops grown there are found to carry only one-third to one-half as much FaOj as 
a similar crop grown in other parts of the State which are well supplied with phos¬ 
phate. There may be other areas, but we do not have information in regard to 


“We are conducting extensive investigation upon the relation of forage to the 
compovsition of the soils in this State. The only deficiency that we have found so 
far is for phosphorus. This has been demonstrated to occur in Harris County as 
shown in Texas Bulletin No. 344" (U). 

In this bulletin {1015) it is reported that bone chewing was observed in about 
three-fourths of a sizable group of experimental range cattle. Feeding of bone- 
meal to part of the group cured this habit, prevented “creeps," and enabled cows 
to rear better calves. It is stated that “creeps" is met with frequently in the Gulf 
Coast region of Texas and on the more sandy soils in other parts of this Stote and 
adjoining States. 

“Analysis of forages has shown probability of widespread phosphorus deficiency." 
From a study of the chemical composition of forage grasses of the E&st Texas 
Timber Country, an area of about 26,000,000 acres in the northeastern part of 
Texas, Fraps and Fudge {387) conclude, 

“The work indicates a widespread deficiency of phosphoric acid and a possible 
deficiency of protein in the forage consumed by range animals in the East Texas 
Timter Country." 

It is thought by Fraps (U) that the phosphorus deficiency in forages is probably 
of extensive occurrence on upland surface soils that contain 0 to 30 parts per 
million of active phosphoric acid, and that deficiencies probably occur on some soils 
in areas where the prevailing soils contain 31 to 100 parts per million. (See {386), 
p. 76, for map of active phosphoric acid in soils.) 


Virginia 

Bone chewi)^ by cattle was reported in a few localities in Virginia (Washington 
and Madison Counties) in replies to a questionnaire on indication of phosphorus 
deficiency sent out by the Department of Dairy Husbandry of the ^rginia 
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Agricultural Experiment Station to all county agents and veterinarians in the 
State. Replies were received from 27 counties (V). Holdaway sums up these 
replies as follows: 

“I do not think that we can consider that any section of the State is seriously 
affected. It appears that there is some deficiency through the Piedmont region 
and in the counties immediately east of this region. A few isolated cases in the 
uplands of southwest Virginia are noted, and one or two of the counties also 
directly adjacent to Tidewater.*’ 


Wisconsin 

‘‘We have definite knowledge that phosphorus is deficient in Door County, 
and there may be other areas in the State where there is a deficiency great enough 
to cause symptoms of malnutrition in cattle, but we do not have the specific 
information, except in the case of Door County. 

“We appreciate that .seasonal conditions have a bearing on any phenomenon 
such as the mineral deficiency of forages * * (Y.) 

Results of investigations of phosphorus deficiency disease in parts of this 
State have been published by Hart and his associates in Wisconsin Bulletin 
380 U85), Samples of sweetclover hay from the affected area ranged from 0.200 
to 0.267 percent in P 2 O 5 content: the single value for alfalfa hay was 0.328 percent. 

CALCIUM 

Florida 

Surveys of Florida are not complete. 

“Dairy cattle grazed on the cobalt-deficient areas without the use of a calcium 
supi)lement suffer from calcium deficiency” (K). (See Florida under Cobalt.) 

Louisiana 

Lush (I) apparently feels that there is calcium deficiency in portions of Louisi¬ 
ana. He submits and refers to average values of analyses for this element in 
forage from various areas in the State. However, the forage appears from the 
average figures given to be higher in calcium than has been found in numerous 
instances te be adequate. The lowest figure given is apparently 0.202 percent of 
calcium (=0.283 percent of calcium oxide) in air-dried material. On the map 
submitted by Lush this is showui as being in Livingston Parish. The figures 
submitted for the rest of the State were much above this value. (See this State 
under Phosphorus.) 

Nebraska 

It is reported that calcium deficiencies occur on quite a number of farni^ 
some areas in Nebraska and are manifested by depraved appetites in rtTin. 
horses, and sheep. It is stated that this condition seems to be correct id t.\ 
feeding a calcium supplement. (N-7.) 

Virginia 

It is reported (V) that incidental to his reply to the phosphorus-deficiency 
questionnaire (see Virginia under Phosphorus), the agent of Lunenburg County, 
Va., reported some trouble with dairy cattle and hogs that was diagnosed by 
veterinarians as calcium deficiency. 

West Virginia 

nt ♦ have in recent years had called to our attention, in a few sec¬ 
tions [of West Virginia], conditions of young horses which were apparently due 
to a lack of calcium in that particular region. Upon changing the roughage 
used to a good alfalfa hay and in a few' cases recommending feeding of minerals, 
these colts have, over a long period, improved, which would lead us to believe 
that our diagnosis of the trouble was correct.” (X.) 
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IODINE 

California 

Hart (C) reports on the situation in California as follows: 

‘‘In California we have a definite iodine deficiency in all forms of livestock 
along Hat Creek in Shasta County up to the point where it becomes confluent 
with Rising River. There is no iodine deficiency along Rising River or below 
where it joins Hat Creek. 

“This area is the most definitely iodine deficient area that we have found. How¬ 
ever, there have been isolated cases of dead yoving animals with swollen throats 
reported in the lava bed areas in Modoc and Lassen Counties, but we have not 
Allowed them up. 

“The fact that Rising River showed no cases while Hat Creek has such a seri¬ 
ous deficiency until it becomes confluent with Rising River was very interesting. 
Since we have the livestock men educated to the proper use of iodine along Hat 
Creek no difficulty has been experienced.“ 

Colorado 

It is reported that while there are indications of iodine deficiency in Colorado, 
“they are not sufficiently great nor sufficiently localized to poinbto any locations 
of aggravated deficiency.“ (D.) 

Idaho 

The entire State of Idaho is stated to be on the border line of being iodine 
deficient. Counties in which iodine deficiency among livestock has occurred 
have been indicated as Franklin, Gooding, Lincoln, Custer, Lemhi, Latah, and 
Bonner. 

♦ I believe that iodine is about the only mineral in Idaho that is 
deficient in the natural feeds produced. We have an area around Salmon and 
Challis, Idaho, where we have had considerable trouble with hairlessness in pigs 
and big neck in calves. The feeding of iodine supplements has in all cases cured 
this nutritional deficiency, which points definitely to the lack of iodine.^* (F.) 

Iowa 

«j|c i|c i|e been noted that goitre conditions are more prevalent in 

lambs and calves in northeastern Iowa than in other sections of the State. 

“No data are available that make it possible to fix the limits of this area.” 

Good results from feeding iodine in some experiments at the Iowa station 
(35^, 354) “might be interpreted as suggesting an iodine deficiency in Iowa rations 
or water.” (G.) 

Michigan 

“A deficiency of iodine as indicated by a prevalence of goiter is also rather wide¬ 
spread in, Michigan. The situation is ♦ * * not general, as the disease 

may be found in the cattle on one farm but not on an adjoining farm. Undoubt¬ 
edly, feeding practices are a determining factor in iodine deficiency on Michigan 
farms. 

“Dr. Kimball {627) made a study of the iodine content of Michigan waters 
and reports as follows: No iodine found in samples from northern counties; 0.5 
p. p. b. [parts per billion] of iodine in samples from central counties; 7.3 p. p. b. 
of iodine in waters from south central counties; 8.7 p. p. b. of iodine in samples 
of water from southern counties.” (K.) 

Minnesota 

“Mention should be made of the fact that iodine deficiency is undoubtedly 
prevalent in many spots in the State of Minnesota. Whether forage, grain, or 
water supplies are chiefly responsible has not been determined. No survey of 
the incidence of iodine deficiency in the State has been made and we have, as yet, 
made no chemical studies of the iodine content of the crops grown in various 
sections of the State.” (L.) 
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Montana 

As determined by the presence of goiter, roughly on(;-third to one-half of the area 
of Montana is indicatea as iodine deficient. This area is nearly continuous and 
is situated principally in the eastern, southeastern, and central-southern parts of 
the State. There are a few very small scattered areas west of the Divide. 

“Throughout these areas, and especially in central-eastern Montana, newborn 
livestock of all types are likely to be affected with goiter. The use of iodized 
stock salt has completely controlled losses from this source. Areas of iodine 
deficiency can be much more sharply defined than those of phosphorus deficiency 
as climatic conditions seem to have no relation to goiter occurrence.’’ (M.) 

Several Montana publications tW 2 , 1204 ) are referred to as dealing with 

iodine deficiency in farm animals. 

Nebraska 

It is reported that there is occasional evidence of goiter in dairy calves in Ne¬ 
braska. (N-4.) 

Nevada 

Based on observation for approximately 25 years of the situation in Nevada 
in regard to mineral deficiencies, the following opinion is reported with regard 
to iodine: 

There is definite evidence of iodine deficiency as manifested by occasional 
goitrous calves in two very small areas—one in the southern part of Washoe 
County and one in the western part of Ormsby County. 

“This manifestation of iodine deficiency has, however, been periodic rather 
than continuous, and it has not been a problem of much practical importance. 
It is our opinion, though based largely on geologic olxservations and analogy, 
that all of this State is j)robably a border-line iodine deficiency area. The fact 
that our livestock have not shown more gross evidence of this may well be due to 
the widespread use of iodized salt for stock salting purposes.’’ (O.) 

North Dakota 

Reports from various parts of North Dakota indicate that the occurrence of 
hairlessness in pigs and goiter in farm animals is sufficiently widespread to justify 
the feeding of iodine as a general practice. {Q)( 2 () 6 ). 

“In North Dakota the birth of hairless pigs is more common than the birth of 
calves or lambs with ‘big neck,’ or the birth of weak, goitered foals. In general, 
the frecmcncy and severity of the occurrence in the State increases from east to 
west. In the eastern part of the State hairles.s litters may occur only once in 
4 or 5 years; whereas, in the western part, hairless Utters occur every year, ami 
the goiter in other farm animals is also more prevalent. Goiter appears to ^ 
more prevalent after long, cold winters” (206). 

Iodine deficiency in farm animals in North Dakota is discussed in publicati > 
(206) and (IO 4 O). The latter contains a map showing the occurrence of hitr 
of hairless pigs in various years, as reported by county agents: some count u - i 
not, however, have agents. The information on this map was presentid on 
the map submitted with the reply from North Dakota and has been incorporatetl 
into the United States map showing uKline deficiency in livestock (fig. 2, p. 1030\ 

Oregon 

Regarding the incidence in Oregon of goiter in livestock, it is stated, “While 
goiter is found over widely scattered areas, there are, however, a number of approx¬ 
imately defined regions in which goiter occurs much more frequently.” The center 
of most severe goiter occurrence is indicated as an area consisting roughly of the 
northwest half of Deschutes County and the adjoining southwest one-third to 
one-half of Jefferson County, and is bordert'd by areas of less severe occurrence. 
“Parts of the upper Deschutes basin can undoubtedly be classed as severely 
goitrous.” There is a considerable area, not sharply defined or thickly settled, 
in Wallowa County, chiefly in the southwest half. A third an'a, varying from 
border-line to moderately severe, is indicated in tlie western part of the State: 
it is composed roughly of the western halves of Multnomah, Clackamas, Marion, 
and Linn Counties, the central third of Lane County, practically all of Renton 
County, and the eastern halves of Polk and Yamhill Counties. 
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In the goitrous sections, the use of iodine medication has greatly reduced the 
losses from this deficiency. 

The following iodine analyses and comments on livestock relative to them are 
given: 

^'Drinking water of glacial origin (Mount Hood) contains 0.1 p. p. b. or less of 
iodine. Corvidlis city water (mountain springs and small streams) contains some 
0.3 p. p. b. of iodine. Local valley streams (ground water) contain some 1.5 
p. p. b. of iodine. Local hays (slightly goitrous area) contain some 76 to 100 
p. p. b. of iodine. A sample'of alfalfa hay from a very goitrous area contained 
45 p. p. b. Local barley contains 3 p. p. b. or less of iodine. Barn-fed animals on 
local feedstufiFs and Corvallis city water are goitrous. Animals on local pastures 
and local valley streams are borderline with respect to goiter. 

“On the college farm, using Corvallis city water, goiter in barn-fed animals is 
sufficiently severe so that when the use of iodine is discontinued for some 3 to 6 
months, goiter is observed in the newborn. This is especially true of horses." (R.) 

Texas 

No extensive study has been made of the iodine problem in Texas; however, 
there are as yet no indications of any serious deficiency of this element (U). 
Schmidt {101&) states that in Texas as a rule the animal finds enough iodine 
available in the food it consumes, though some regions are known where this is 
not the case. 

Washington 

“Sufficient work has been done in the field of investigating iodine deficiency 
that we know definitely that this exists in the State of Washington. Our so-called 
goitrous belt, although it has not been carefully charted, is confined largely to the 
eastern slope of the Cascade Mountains along the valleys of the Columbia River 
and its trioutaries, and the condition is evident by simple goiter occurring in 
newborn domestic animals, particularly goats, sheep, ho^, cattle, and horses 
* * * . There i.s also evident a lc.s.ser degree of iodine deficiency on the west¬ 

ern slope of the Cascade Mountains. Since the almost universal use of iodine, or 
its salts, in the treatment of pregnant females in domestic animals, very little 
sii^le goiter is observable in these goitrous areas." (W.) 

This subject has been discussed by Kalkus in Washington Agricultural Experi¬ 
ment Station Bulletin 156 (605) fW-1). 

Wisconsin 

Wisconsin reports “iodine deficiency at times experienced in various part^ of 
Wisconsin." *^e have noted at times that a long, hard winter has accentuated 
trouble from the iodine deficiencies in livestock." (Y.) 

Iodine deficiencies have been reported bv Hart and Steenbock in Wisconsin 
Bulletin 297 U91). 

Wyoming 

There is a reported iodine deficiency in certain areas in northern Wyoming, 
particularly in the northeast region of Park County, in the northvrest region of 
Big Horn County, and in the northern part of Sheridan County. No research 
has been done to establish the boundaries of this area. The general picture is 
formed merely from reports of goiter in lambs and a few hairless pigs, conditions 
which seem to be eliminated by feeding iodized mineral. (Z.) 

COBALT 

Florida 

“Surveys are not complete but indications based on observation of cattle 
indicate" at the present time a considerable cobalt-deficient area in Florida, more 
or less continuous in extent, encompassing roughly the northern, central, and 
south-central parts of the State and restricted areas along the northern Gulf 
coast. 

In commenting upon this, it is stated: “Cobalt deficient soils include the 
lighter sandy sofls, very few of which are low-lying. The proportion of definitely 
affected land will vary from 10 to 76 percent" in the area. "Adjacent ranges may 
be deficient or healthy." (E.) 
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(See under Iron.) 

COPPER 

Florida 

“Surveys are not complete but indications based on observation of cattle indi¬ 
cate” at present a few restricted copper-deficient areas in north and south central 
Florida. In regard to this, it is stated, “Copper deficient soils include many of 
those high in organic matter, and in addition certain other sandy soils.” (E.) 

IRON 

Massachusetts 

“There is only one region of rather limited area in our State [Massachusetts] 
where a specific mineral deficiency has been demonstrated. As indicated roughly 
* * * this area is confined to the coastal region around Buzzards Bay, Vine¬ 

yard Sound, and portions of Cape C^od Bay.” While this area represents sections 
where cases of this mineral deficiency in cattle have actually been located, it 
is thought probable that the deficiency occurs through the whole coastal region 
in the southeastern section of the State. 

“This deficiency, we believe to be of i^ron but some more recent work at the 
Wisconsin station and in Australia and New Zealand suggests it mav possiblv be 
cobalt.” (J.) 

Results of investigation of this deficiency in cattle have been reported by Archi¬ 
bald and his associates (^9), 


EXCESS MINERALS 


FLUORINE 

Arkansas 


A small continuous area in the central part of Arkansas is indicated as a bau-xite- 
producing section. (This area encompasses small portions each of Pulaski, Saline, 
and Grant Counties, located respectively in the southwestern, southeastern, and 
northeastern parts of these counties.) 

“We have considerable evidence which leads us to believe that there is an excess 
of fluorine in feeds produced in this area.” (B.) 

California 


Although drinking water was not mentioned in the form letter of iiKpiir. - 
to the States, California reported as follows: 

“We ♦ * * have found small quantities of fluorine in certain warm >])ring> 

in Modoc County which has been present in sufficient quantities to cause' trouble 
with the teeth of cattle.” (C.) 

Other Reports 


A very few other states reported that while in some localities there were quanti¬ 
ties of fluorine in the drinking water sufficient to cause mottled teeth among the 
human population, no injurious effects on livestock from this element were known 
in these localities. (See the section on Fluorine in the article Mineral Needs of 


Man, p. 187.) 


SELENIUM 


Nebraska 


“So far as I am aware, the only areas of Nebraska in whicli selenium is sufficiently 
abundant to be toxic to animals (fig. 3) include some of the soils develooing from 
Cretaceous formations—Pierre shale and Niobrara chalk—in Boyd, Keyapaha. 
and Knox Counties. The most troublesome area is in the vicinity of Lynch, 
Nebr.” (N-5.) 
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South Dakota 

The situation in South Dakota is indicated by the map (iSg. 4) and the state¬ 
ment accompanying it, both of which were submitted by 1. B. Johnson (S). 

Wyoming 

Survey of Wyoming to determine the location of selenium in quantities large 
enough to cause damage to livestock has not been completed. 

The places indicated on the map (fig. 6) represent ‘‘various localities and 
counties where selenium has been found in forage, and where there seems to be 
definite injury to animals caused by it.'* (Z.) 

Occurrence of selenium and seleniferous vegetation in the State are discussed 
in Wyoming Bulletin 221 (74, 639), 

Statement on Effects on Livestock of Selenium in Forage 

In addition, several States referred to H. G. Byers and his associates in the 
Bureau of Plant Industry of this Department and to their extensive work on 



Figure 3 .—Reported occurrence of selenium poisoning in Nebraska. Within the 
shaded counties (Keyapha, Boyd, and Knox) localities are reported in whi<*b selenium 
is sufficiently abundant to be toxic to animals. See text for further explanation. 

(Map prepared from data submitted by F. A. Hayes (N~5).) 

surveys of selenium in soils and related topics (J3J, 182, 183, 1226) for information 
concerning the relation of selenium in forage to harmful effects on livestock. 
Dr. Byers was therefore requested to make a general statement concerning the 
relation of selenium in soils and plants to resulting animal injury. This he kindly 
consented to do. His statement follows: 

“It has been abundantly demonstrated that there are numerous areas in 
certain of the Great Plains and Mountain States which produce seleniferous 
vegetation. The term ‘seleniferous vegetation' is to be understood as referring 
to plants containing sufficient selenium so that if eaten in adequate quantities 
by animals definite physiological disturbance follows. 

“For the most part highly seleniferous vegetation con.sists of plant species not 
normally consumed by animals. When normal forage or food crops are toxic 
by reason of selenium, there is a wide variation in toxicity between different 
plant species grown under essentially identical conditions and between different 
sampl^ of the same materials grown at different points within limited areas. 
Even in the areas most severely affected it appears that by no means all the 
vegetation is poisonous. The concentration of selenium in a given plant also 
varies sea^nally. 

“BecatAe of variables of the tyj^ mentioned, and because animals native to 
a region learn to avoid highly toxic vegetation except when driven by hunger, 
animal injury is of variable intensity even in narrowly restricted areas. The 
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field workers on the occurrence and distribution of selenium have observed 

(selenium poisoning), but only in a few cases have 
comTOtent post mortem ot other examinations definitely established the cause 
of the injury. No real effort as yet been made to evaluate the extent of 
animal iiyury due to seleniiim. It does not appear possible to definitely delimit 
on maps those areas in which selenium ixiisoning is a serious problem. Selenium 
appears to present to some extent in all plants and is therefore, of necessitv, 
a factor m the animal diet It is definitely injurious to animals when ingested 
in sufficient quantity. Whether in sufficiently minute quantities it mav be 
known ^ essential element in either plant or animal nutrition is* not 





Hgure 4, Reported oceurreiice of seleiiiiini poisoning in South Dakota. The black 
area is, generally shaking, the most seleniferous pari of South Dakota. Within this 
area are included the majority of the farms or ranches where selenium poisoning is a 
major problem. Bei'aiise the map is generalized, it may give the impression that 
all of the black area is seleniferous and that all farmers or ranchers within the area 
suffer l^ses from selenium )x>i8oiiing. Such is not the case. Much of the lan<l in¬ 
cluded in this area does not produce seleniferous vegetation, and many of the famirr- 
have suffered no losses from the disease. However, within this area, selenium poi-. n- 
ing constitutes a greater problem than it does in any other similar area in the ^tai«. 
Cases of seleniiini poisoning may be found in the western part of the State of 

this area. However, these cases are scattered and usually less severe, and losses 
constitute less of a problem than they do in the black area. The boundaries of the 
black area were made on the basis o/ geological, soil, and plant data, and the actual 
occurrence of the disease, as reported since the beginning of the project. In some 
parts they may indicate an exact boundary between seleniferous and nonseleniferous 
land, but for the most part they indicate a transition zone. (Map and legend submitted 

by I. B. Johnson (S).) 


CYANIDES « 

Colorado 

In the reply from Colorado, the following statement was included: 

“Toxic alkaloids, glycosides, and cyanides in range plants account each year 
for appreciable losses of livestock in this State.(D.) 

* The writer in classing cyanides as minerals realises that the classification is questionable in this case. 
141504 39-67 
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Figure 

genera] 


5.—RejwrJed occurrenoe of selenium |mi«,„ing i,, Wvomins "S" 
locahtm, where selenium iniur, ,o'lives.ik hae l.^ %>or,ed ffi 
*ubmiue.1 by J. A. Hill (Z).) ' ^ P 


KEY LIST OF INDIVIDUALS REPLYING TO LETTER OF INQUIRY 

(A) Arizona. 

^■sS'ti^r'Scson!'"^'"'* Agricultural Ex„eri.ner,t 

(B) Arkansaa 

„ , S'rillr' K,|„. 

(C) California. 

^ . ^3 Lmt’Davt Agricultural Kxpcri- 

(D) Colorado. 

(E) research departmeut, Agricultural 

(F) station, Gaii.esvillc. 

(G) 

,H, 

m T ®*Pertoent^Sta^n!^ Manhatten^’ Agricultural 

(1) Louisiana. 

»' '“-'Ok, A„lc.lt„«l 
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(J) Massachusetts. 

J. G. Archibald, research professor of aninml husbandry. Agricultural 
Experiment Station, Amherst. 

(K) Michigan. 

C. E. Millar, head of soils department, AKricultiiral Experiment Station, 
East Lansing. (Conferred with C. F'. Huffman, research associate in 
dairy husbandry.) 

(L) Minnesota. 

W. C. Coflf^, director. Agricultural Experiment Station, University 
Farm, St. Paul. 

(M) Montana. 

H. Welch, research veterinarian, Agricultural Experiment Station, 
Bozeman. 

(M“-l) Edmund Burke, head of chemistry department. Agricultural 
Experiment Station, Bozeman. 

(N) Nebraska. 

Wm. J. LocflFel, acting chairman, animal husbandry department, Agricul¬ 
tural Experiment Station, Lincoln. Professor Loeflfel conferred with the 
meml>er8 of the staff and quoted statements from the Allowing in 
his reply: 

(N-1) C. W. Ackerson, associate professor and assistant agricultural 
chemist; 

(N“2) M. L. Baker, animal husbandman, North Platte substation; 

(N'3) E. M. Brouse, superintendent, Valentine substation; 

<'N-4) H. P. Davis, professor and chairman of dairy husbandry 
department; 

(N-5) F. A. Hayes, professor of soil science, cooperating with the 
United States Department of Agriculture; 

(N -6) F, E. Mussehl, professor and chairman of poultry husbandry 
department; 

(N 7) H. R. Thalman, associate professor, in charge beef cattle 
investigations; 

(N-8) L. Van Es, professor and chairman of animal pathology and 
hygiene department; 

(N- 9) M. D. Weldon, associate professor, in charge soils research. 

(O) Nevada, 

Edward Records, head of department of veterinary science, Agricultural 
Experiment Station, Reno. 

(P) New Mexico. 

W. E. Watkins, nutrition chemist and associate in animal husbandry. 
Agricultural Experiment Station, State College. 

(Q) North Dakota. 

F. W. Christensen, professor and chairman of department of animal m ! 
human nutrition. Agricultural Experiment Station, State College' Sui 
tion, Fargo. (Transmitted a typewritten report, “The Phosi>liaii 
Situation in North Dakota,^ by T. H. Hopper, F. W. Christeii>L‘ii, 
and T. E. Stoa, all of the North Dakota station, from which quoted 
matter and some of the statements in the text were taken.) 


(R) Oregon. 

J, R. Haag, nutrition chemist, Agricultural Experiment Station, Corvallis. 

(S) South Dakota. 

I. B. Johnson, director, Agricultural Experiment Station, Brookings. 

(T) Tennessee. 

C. A. Mooers, director. Agricultural Experiment Station, Knoxville. 

(U) Texas. 

G. S. Fraps, chief of chemistry division and State chvunist. Agricultural 
Experiment Station, College Station. 

(V) Virginia. 

C. W. Holdaway, head, department of dairy husbandry, Agricultural 
Experiment Station, Blacksburg. 

(W) Washington. i t:. 

J. W. Kalkus, superintendent. Western Washington Agricultural Experi¬ 
ment Station, Puyallup. ... . 

(W-1) J. C. Knott, associate professor, department of dairy hus¬ 
bandry, State College of Washington, Pullman. 
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(X) West Virginia. 

E. A. Livesay, head of animal husbandry department, Agricultural Exper¬ 
iment Station, Morgantown. 

(Y) Wisconsin. 

Noble Clark, associate director. Agricultural Experiment Station, Mad¬ 
ison. 

(Z) Wyoming. 

J. A. Hill, director. Agricultural Experiment Station, Laramie. 



WHAT DO WE NEED TO KNOW 
IN LIVESTOCK NOTRITION? 


by 0. E. Reed ' 


THROUGHOUT the United States there are scores of workers in 
the State experiment stations and the Department of Agriculture in¬ 
vestigating problems in animal nutrition. What do these workers think 
are the important unsolved problems at the present time? What do they 
think needs to be known about nutrition in order that livestock and 
livestock products may be produced more efficiently by farmers in the 
United States? What do they believe are some of the important trends 
today in animal feeding? Here, in not too technical language, you will 
fin«l frank answers lo these questions by the workers themselves, including 
manv who are famous in their various fields. 


When I was asked to write on this topic for the Yearbook, it occurred 
to me that a discussion by leaders in hvestock nutrition would be most 
helpful and suggestive to those planning work in this field. The follow¬ 
ing letter was therefore addressed to the directors of the State iiLo i- 
cultural experiment stations, and in some cases to membei-s of ilu ir 
staffs: 

As yoii may know, the Yearbook of the United States Department of .tgricul- 
turc this year is to be devoted to papers on various subjects in animal nutrition— 
human and livestock. In the part on the nutrition of livestock there is planned a 
paper expanding the following theme: Incomplete knowledge of nutritional re¬ 
quirements of farm animals and the nutritive value of foods on the part of the 
farmer does not enable him to plan his feeding program most effectively. 

In this paper it is planned to consider the problems in livestock nutrition upon 
which information is most needed and where further information, if it were at 
hand, would contribute most to the economic welfare of the farmer. * ♦ * 

Because of yoiir broad experience and the thought that you have given to work 
of this sort for years, we would appreciate very much having your judgment on 
this question and knowing from you what problems in livestock nutrition and feed¬ 
ing you would now put uppermost in your mind. 

Some of the responses received were from committees or individual 
workers appointed by the directors. This article is devoted almost 
exclusively to the presentation of these replies. In fact I have tried 


1 0. E. Reed is Chief of the Bureau of Dairy Industry. 
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to turn the program over to my correspondents. It is impossible to 
present all of the replies in full; but as far as possible where this has 
not been done, I have selected excerpts from these replies to represent 
the views expressed in them. The same problem has frequently been 
suggested repeatedly in different replies. I have not hesitated to 
repeat these suggestions, the purpose of this survey being not to deter¬ 
mine what unsolved problems exist in livestock nutrition, but rather 
to determine the relative iipportance pf these problems in the opinion 
of leaders in this field. 

The topic may be considered from two standpoints; (1) The gaps 
in existing knowledge of the nutritional requirements of farm animals 
and the nutritional value of feeds, and (2) existing knowledge witli 
which the farmer is not familiar and which would be of practical help 
to him. A number of replies consider both aspects of the problem; 
most of them, however, are devoted mainly to the lines of investiga¬ 
tion which the authors feel would contribute most to the economic 
welfare of the farmer. Some include very complete and very care¬ 
fully prepared research programs. 

THE BROAD VIEW 

Some of the replies to my letter take a broad general view of the 
field of research in animal nutrition. The repljr of Dr. James T. 
Jardine, Chief of the Office of Experiment Stations, United States 
Department of Agriculture, which I quote in part, is of interest in this 
connection: 

Looking at this problem from a broad viewpoint, there are two major aspects 
that appear to be vital to the development of this field of research. These are: 
(1) The relation of nutrition to the physiological processes of the various classes 
of livestock, and (2) the relation of deficiencies or excesses of feed constituents 
to diseases and disorders of livestock. 

The first of these problems can be broken down into a number of definite phases 
that will indicate the type of desirable research. For example, there is a definite 
need for information regarding the effect of the various vitamin, mineral, and other 
constituents of feeds upon the secretion of fluids by the various endocrine glands 
of the body, which in turn influence such physiological i)rocesses as lactation, 
reproduction, growth, etc. The second major problem includes such important 
lines of work as the effect of selenium on livestock, the disorders occurring as a 
result of deficiencies in cobalt and phosphorus on the mineral side, and of all the 
vitamins on the biological side. There is a big gap in our knowledge of the inter¬ 
relationship of feed intake and the functioning of the animal organism. There is 
also the broad problem of the effect of soils, climate, and other factors upon the 
nutritive value of the feeds ingested by livestock. 

Certain broad principles relating to the basic knowledge of animal nutrition 
can be developed in laboratories, but these principles must be tested for national, 
regional, and local adaptation by workers located in varying sections of the 
country. 

I trust that these ideas, advanced from such a broad outlook, may be of assist¬ 
ance to the Committee preparing the material for the animal nutrition section 
of the Yearbook. 

The foUowmg comprehensive statement of the objectives of research 
in animal nutrition from E. B. Hart, chairman of the department of 
biochemistry, Wisconsin Agricultural Experiment Station, and for 
about 33 years professor at the University of Wisconsin, is of par¬ 
ticular interest considering the wide range of valuable contributions 
that the Wisconsin laboratory, under his direction, has made in the 
field of nutrition: 
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In my judgment one can divide the problems of animal nutrition into two 
classes: (1) Those of a fundamental character and applicable to all classes of 
livestock the world over, and (2) the more local practical problems of animal 
feeding. 

Under the first, of couri^, my notion is that we should catalogue all the fac¬ 
tors involved in the nutrition of animals, learn how to assay for these factors in 
our foodstuffs, and then in addition determine the needs of these factors quanti¬ 
tatively for livestock. That is a big problem, but it is the ultimate goal of any 
pro^am for the development of fundamental knowledge of nutrition. 

Under the second heading of local problems, I. can only speak for the situation 
in Wisconsin. Here we need to know (1) how best to preserve the green crop 
and look forward to whether such preservation will preserve factors of importance 
in the products made by the animal, as well as the health of the animal; (2) the 
possibility of producing cheaper milk through the use of simple nitrogen com¬ 
pounds in competition with protein concentrates; (3) the relation of the B com¬ 
plex to the growth and reproduction of swine, especially where a great deal of 
corn is being fed; (4) cataloguing the nutritional deficiency diseases of poultry 
and seeing to it that those materials that supplement our grains provide ade¬ 
quately the factors needed; (5) acquiring sufficient knowledge of the mineral 
requirements of livestock to give sound advice as to whether in all the State, or 
only part of it, or none of it, simple or complex mineral mixtures will be of any 
benefit. 

After writing the “farmers’ bible,” Feeds and Feeding, a Handbook 
for the Student and Stockman ( 819 ),^ F. B. Morrison, head. Depart¬ 
ment of Animal Husbandry, New York Agricultural Experiment 
Station, Cornell University, ought to be able to tell us exactly where 
the important loopholes are in our present knowledge of hvestock 
nutrition. Here is the list of questions from him that were not an¬ 
swered in Feeds and Feeding, although some of them look much like 
the questions at the end of some of the chapters in that most helpful 
book: 


In reply to your letter I would state that in my opinion we need information 
on the following important problems, among many others in livestock feeding 
and nutrition: 

Is there any deficiency of vitamin E in normal rations for dairy cattle, beef 
cattle, horses, sheep, and swine? 

Will the addition of wheat germ oil or any other vitamin E supplement pro¬ 
duce any benefit when added to normal rations for these classes of livestock? 

What are the specific fat requirements of beef cattle, sheep, swine, an<l poulu ’ 

Is there any lack of the so-called essential fatty acids in the usual ration- t 
various classes of farm animals? 

Of what importance is the quality of protein in rations for dairy cows, l)t rf 
cattle, and sheep, which are fed good-quality forage or roughage of the common 
types? 

What should be the place of legume and grass silage in American agriculture? 

Should legume and ^ass silage replace corn silage in good corn sections? To 
what extent should it replace hay for dairy cows in winter? 

What is the relative cost of total digestible nutrients and the relative cost of 
net energy in corn silage, legume and grass silage, and legume or mixed legume 
and grass hay in various sections of the United States? 

What is the relative value per ton of legume and grass silage in comparison 
with well-eared corn silage for dairy cows, for beef breeding cattle, for fatten¬ 
ing cattle, for breeding ewes, and for fattening lambs? Is the feeding of sugar or 
molasses of any benefit in reducing the trouble from acetonemia * in dairy cattle? 

Dr. L. A. Maynard is not only the author of Animal Nutrition ( 769 ), 
a book that is now filling a long-felt want for students of this subject, 
but he has also contributed much to several fields in the study of 
nutrition and lactation. His reply presents suggestions that should 


* Italic numbers In parentheses refer to Literature Cit^, p. 1076. 

8 Acetonemia is the presence of acetone bodies In the blood as the resu^^ of faulty metabolism. 
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be given serious thought in planning experimental work. It is 
obviously a reflection of his 25 years of experience at the New York 
vState College of Agriculture, Cornell University. 

In a general way I think that in the field of animal nutrition there is a need for 
greater emphasis on the physiological approach as distinguished from the feeding 
trial approach. We need to know more about what goes on inside the animal 
as distinguished from what goes in and what comes out. Specific problems which 
must have a physiological approach concern the relation of nutrition to acetonemia, 
milk fever, and shy breeding—border-land problems between nutrition and 
disease. 

A problem which has important economic as well as physiological aspects is 
the relation of nutrition to productive life. It is apparent that we have learned 
to grow animals well in terms of weight and size, but we have not learned how to 
build the kind of body which will stand up under heavy production. This is 
a general statement, but it is certainly true that we have not paid enough atten¬ 
tion to productive life as distinguished from short-time production. I am aware 
that breeding and disease problems are involved as well as nutrition. 

With the discovery of new nutritional factors and with certain economic trends, 
there are increased reasons for more critical studies of home-grown feeds and of 
the relationship between the soil, the growth of the plant, and the nutritive value 
of the plant products. I am particularly impressed with the importance of this 
problem, which will serve to emphasize yields in terms of nutritive value instead 
of in terms of pounds and will recognize the importance of other nutritional 
factors besides digestible nutrients, protein, and even calcium and phosphorus. 

NEED FOR EDUCATION 

The reply of L. S. Palmer, professor of agricultural biochemistry, 
University of Minnesota, stresses the necessity of education in 
making present knowledge of nutrition effective. Dr. Palmer, a 
leader in research, received the Borden award in 1939 for his accom¬ 
plishments. He does not decry research, but his letter deals with the 
aspect of our thesis which he considers most immediately urgent, 
namely, education. 

It seems to me that the primary thesis stated in your letter involves a question 
of education rather than of important unsolved nutrition problems, wthough 
other discussion in your letter emphasizes the latter. I feel sure all agree it is 
improbable that more success may be expected in making nutrition experts out 
of farmers than out of any other class of laymen. For the most part, the average 
farmer probably needs a rise in the level of his general knowledge regarding the 
feeds which he uses, based upon long established principles rather than informa¬ 
tion upon recently established points. For example, farmers are still being 
found in northwestern Minnesota who have never even heard of bonemeal, 
although for the past 15 years we have been preaching its use by dairy fanners in 
the phosphorus-deficient areas of this State. 

I believe that another example of the need for putting across to the farmer 
already established knowledge would be the importance of certain feeding prac¬ 
tices and the employment of certain feeds in maintaining the nutritive value of 
milk at its highest level. The main facts in this field of knowledge now seem to 
be pretty well established and I regard it of gmater immediate importance to 
make this knowledge a part of the average dairy farmer's knowledge than to 
con^lete the picture from a scientific standpoint. The latter, of course, should 
be done in connection with our fundamental research projects at the experiment 
stations. 

I believe the problems regarding livestock nutrition which confront the average 
farmer are usually immediate practical problems involving choice of available 
feedstufifs, and these problems, I believe, are often complicated by a psychological 
problem arising from the temptation to accept the never-ending extravagant 
claims of salesmen and sales advertising for this or that feed adjunct or particular 
feedstuff. These are not the problems which characterize the animal nutrition 
projects of most of our State and Federal experiment stations and should not be 
the main basis of our station work in this field. 
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At the SAine time, it does seem that sales pressure for particular proprietary 
products is, in some instances, plying the stations on the defensive because of 
lack of conclusive information, which is difficult and expensive to secure. Often 
the propaganda is based on superficial trials carried on by the company manu¬ 
facturing the product or under its auspices, or on selected data favoring the bene¬ 
fits of the product in question. Conspicuous examples at present are propaganda 
for iodine and vitamin E-containing products and, to some extent, complex 
mineral mixtures. The problem of the type of educational program which will 
protect the farmer against this propaganda until the questions involved can be 
settled is not easy to solve. Perhaps these arc examples of types of problems 
which should be solved for the benefit of the farmer, but I, for one, would not 
advocate the direction of a major part of experiment station investigational efforts 
towards such problems. 

No doubt, there are still examples of conspicuous gaps in nutritional knowledge 
for certain of our farm animals for which feeding practices still are more or less 
empirical. I believe this may l)e true regarding mineral and vitamin requirements 
of horses and, to some c‘xt(uit, sheep. However, I regard it as problematical to 
what extent such knowledge would help the farmer plan his feeding program more 
effectively. His conspicmons problems would still be the practical ones men¬ 
tioned above. 

H. H. Mitchell, professor of animal nutrition, University of Illinois, 
states: 

Replying to your letter ♦ ♦ * the first thotight that occurred to me was 

that the farmers, by and large, are not putting to practical use so much of the 
nutrition information already available. There is a big job here for the extension 
specialist, it seems to me. 

Director E. B. Forbes of the Institute of Animal Nutrition, Penn¬ 
sylvania State College, places first among three objectives in experi¬ 
ment station work in the interest of the producer of animals the aim 
“to make effective what we already know.^^ The replies of R. A. 
Gortner, chief of the division of agricultural biochemistry, Minnesota 
Agricultural Experiment Station; M. J. Funchess, director of the 
Alabama Agricultural Experiment Station; E. G. Ritzman, research 
professor of animal husbandry, New Hampshire Agricultural Experi¬ 
ment Station; H. B. Ellenberger, head, department of animal and 
dairy husbandry, Vermont Agricultural Experiment Station; Howard 
Hackedorn, head of the department of animal husbandry of the State 
experiment station at Pullman, Wash.; 1. B. Johnson, head, depari- 
ment of animal husbandry, South Dakota Agricultural ExperiiiK iii 
Station; and F. W. Christensen, chairman of the department of animal 
and human nutrition, North Dakota Agricultural Experiment Sta¬ 
tion, all contain statements which relate more or less to the farmers' 
inadequate knowledge of the existing facts in nutrition. 

The Allowing (piotation from Professor Christensen probably 
presents very well the consensus of opinion relative to the farmers' 
situation as regards not only existing knowledge but the field of nutri¬ 
tion as a whole: 

A lack of understanding of the ba.sic laws of nutrition, the nutritive value of 
feeds, and the normal nutritive requirements of farm animals may be a serious 
handicap to the farmer in planning hi.s cropping .'=;ystems and livestock programs. 
Because he does not understand the physiological processes of the body and how 
they are maintained, he is unable to fully understand and judge accurately the 
nutritive needs of his livestock or how to combine feeds to meet those require¬ 
ments. 

Lack of space prevents quoting this letter in full. It describes with 
very striking realism the precise conditions that must be overcome 
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before knowledge now at hand may become effective in farm practice. 
This translation of knowledge into practice is a problem in education 
for which the research worker in nutrition is ill adapted. It requires 
a sympathetic and comprehensive understanding of the farmer’s 
situation and state of mind—his conservatism, his economic condition, 
his natural interests and motives, and the conditions that together 
actuate his confidence and will to cooperate and set his mind to 
working. . 

NEED FOR RESEARCH 

There is much, it is true, of the present knowledge of nutrition that 
should be—but is not—effective m practice; but by far the greater 

6 art of the replies stress the inadequacy of this knowledge. F. L. 

lentley, head of the department of animal husbandry, Pennsylvania 
State College, expresses the sense of most of the replies when he says; 
“It seems to me that the information now available, that is of value to 
the farmer, is very meager compared to the future possibilities in 
this field.” 

According to L. W. Taylor, head of poultry husbandry, California 
Agricultural Experiment Station, the problems suggested in the replies 
may be classed as follows: (1) “The determination of the fundamen¬ 
tal nutritional requirements of our animals.” (2) “A fundamental 
study of the properties of feedstuffs and their proper combination in 
rations.” 

Dr. Mitchell of Illinois considers in his reply the present status of 
knowledge relative to these tw'o aspects of nutrition problems. l,n 
view' of Dr. Mitchell’s work on the biological value of proteins, the 
amino acids in nutrition, and the utilization of enei^y by farm ani¬ 
mals, and his analytical surveys published by the National Research 
Council on protein requirements of cattle {796) and the mineral nutri¬ 
tion of farm animals {80S), I am glad to present a brief statement of 
his present views on the necessity of work in some of these fields. 

Information on tiie nutritional requirements of animals should be of value in 
farm practice, particularly with reference to protein requirements, since protein 
concentrates are the most expensive class of feeds. Our information on protein 
requirements is extremely fragmentary, especially concerning the variation witli 
age in growing animals and with stage of gestation in pregnant females. 

A knowledge of nutritional requirements and the nutritive value of feeds is 
essential to a farmer in his evaluation of the many commercial feeds and mixtures 
that are on the market. I dare say that much of this business is at present an 
unwarrantable tax on agriculture. In particular a more complete knowledge of 
mineral and vitamin nutrition would save agriculture many millions of dollars 
at present being spent on worthless or needlessly expensive mixtures. Such 
knowledge would also quite probably solve obscure nutritional troubles in vari¬ 
ous parts of the country and aid in reducing mortality in young animals, particu¬ 
larly swine and poultry. 

We do not know as much as we should concerning the utilization of the nutri¬ 
ents in animal feeds. It is appalling to realize, for example, that somewhat over 
half the values for digestible nutrients given in Morrisoms tables are based upon 
assumed digestion coefficients. Our information is even more rudimentary with 
reference to the wastage of minerals, vitamins, and proteins in metabolism. 

Average tables of feed composition are not as useful as they might be, because 
of the great variation due esi^cially to variations in soil, fertilizers, and climate. 
There is considerable information on the effect of soil and climate on crop compo¬ 
sition, but so far as I know it has never been organized and studied and the war¬ 
ranted conclusions deduced. This should be done and supplementary informa¬ 
tion on crop composition, particularly pastures, should be obtained for different 
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geogrftphic localities. Then much more useful tables of feed composition could 
be made than are now available, and statistical methods of analysis might be 
found of advantage. 

PROBLEMS RELATED TO LIVESTOCK REQUIREMENTS 

Dr. Taylor of California suggests that the “fundamental nutritional 
requirements of our animals” be determined. Likewise T. P. Cooper, 
director of the Kentucky Agricultural Experiment Station, advocates 
“fundamental research in the utilization of energy by different species 
of farm animals.” Many workers in their replies differentiated be¬ 
tween minimum requirements—requirements to meet certain ph 3 ’'sio- 
logical criteria—and optimum requirements—that is, requirements 
that are optimum for some practical or economic purpose. Many 
replies refer to the “optimum needs of dairy cattle,” “the optimum 
levels of protein, vitamin, and mineral intake for growth, reproduc¬ 
tion, and special purposes,” the “actual requirements of dairy cows,” 
“the optimum level of nutrition [with poultry] that is appreciably 
hi^er than the marginal level,” etc. 

But it might be asked, what is meant by “fundamental” and by 
“optimum” levels of feeding? Director Funchess of the Alabama sta¬ 
tion says: 

The adoption of an improved practice of feeding the animals on a given farm 
may seem desirable from a physiological or nutritional standpoint; the farmer 
must be convince<l that it is also desirable from an economic viewpoint. In 
other words, he is not interested in having better fed animals unless they make 
him more money. 

But does this economic factor always mean feeding “appreciably 
higher” than the minimum? What is the criterion of “optimum”? 
What is meant by “fundamental” in reference to requirements? Are 
these not relative matters? 

R. T. Clark, head of the department of animal husbandry, Montana 
Agricultural Experiment Station, for instance, wants to know “just 
what are the minimum protein requirements of sheep and cattle on 
our western ranges.” 

W. W. Burr, (lirector of the Nebraska station, likewise says: 

The greatest nutritional problem facing Nebraska farmers in their k 

feeding operations is the lack of protein. This problem has been sharply aiccn- 
tuated in the last 10 years by the killing out of many acres of Nebraska alfalfa 
due to drought and disease. There have been many difficulties attendant on 
the establishment of sweetclover seedlings. I am inclined to believe, therefore, 
that the lack of protein is more fretpiently the limiting factor in the efficiency of 
Nebraska rations than any other one factor. 

While these conditions prevail in Montana, Nebraska, and similar 
regions, in the South is a situation that is quite different. There 
little or no difference exists in some places between the cost of grain 
mixtures containing 16 and 24 percent of protein. Also, of course, 
“optimum levels of feeding” and “improved practices” that will 
“make more money,” etc., depend upon such regionally varying 
economic relations as that between cost of feed and price of product. 
It is conditions like these that Dr. Jardine probably had in mind when 
he said: “Certain broad principles * * * must be tested for 

national, remonal, and local adaptation by workers located in varying 
sections of wie country.” 
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An experiment with dairy cows on the relation between the level of 
input of feed and the output of milk, now being carried out coopera¬ 
tively by the Bureaus of Agricultural Economics and Dairy Industry, 
together with 10 State experiment stations, is an example of the type 
of experiment that may give results applicable under such varied 
conditions. It is necessary, of course, to know the basic minimum 
physiological requirements of these animals and to understand the 
physiological conditions affecting thq efficiency of the utilization of 
feed in order to interpret and correlate the results. It is also of 
advantage in planning and controlling such experiments to understand 
the physiological mechanism by which diet affects the secretion of 
milk; but to make these results broadly applicable in practice under 
widely differing economic conditions it is also necessary to know the 
average over-all relations between successive increases in feed and out¬ 
put. In this experiment the energy input in an otherwise complete 
ration is being varied, and the work is planned to throw light on the 
relation between yield and this variable over a wide range of feeding. 
It is obvious that the comparability and general applicability of sucli 
results also depends on the reliability of available digestion coefficients 
and knowledge of factors affecting these coefficients and feed values 
in general. 

In considering the determination of animal requirements, it may be 
well to repeat Dr. Maynard’s statement—“We have not paid enough 
attention to productive life as distinguished from short-time pro¬ 
duction”—a consideration of which would often alter the criteria used 
to compare various feeding regimes. 

The following quotation from Dr. E. B. Meigs, Bureau of Dairy 
Industry, also tlirows light on the experimental procedure and criteria 
that may be considered in the study of the nutritional requirements 
today as compared with experimental procedures formerly used: 

I should think it would be a profitable field of research to investigate the food 
factors that are necessary for optimum reproduction through an unlimited number 
of generations in different species. Tt would be a large and difficult problem, but, 
of course, many of the easier problems in nutrition have been solved. One of the 
first steps would be to establish a standard of optimum reproduction on rations 
composed of natural foodstuffs. Probably it would be found that there is a time 
factor here and that even on the best rations animals would not reproduce as well 
in the long run if they were pushed to the greatest activity that is physiologically 
possible. After standards of optimum reproduction had been established on good 
natural rations the investigation could proceed to an analysis of the food factors 
contained in such rations, either by attempting to obtain similar results with more 
or less .“ynthetic rations or by subjecting some of the constituents of the natural 
rations to heat, drying, etc. 

Animals for Which Knowledge of Requirements is Particularly Meager 

The status of our knowledge of the nutritional reemirements of farm 
animals varies decidedly with different animals. Professor Bentley, 
of Pennsylvania State College, says: 

The horse is probably the most neglected animal from the standpoint of experi¬ 
mental evidence on nutrition. * * ♦ Mineral nutrition especially is important 

in horse production. We have no other class of animal in which size and quality 
of bone is so important, yet we have very little information. I believe that one 
of the most important problems from the farmers' standpoint is in this field. 
Horsemen are continually making inquiry as to how they can produce horses 
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with the quality of bone that is found in horses produced in our better bluegrass 
States. 

Dr. Paul E, Howe, Chief of the Animal Nutrition Division, Bureau 
of ^imal Industry, says; “Information regarding the nutritional 
requirements of the sheep, horse, and dog are particularly lacking.” 

Dr. Palmer, of Xlinnesota, has already been quoted as stressing the 
need of knowledge of the mineral and vitamin requirements of horses 
and, to some extent, of sheep. Director Burr, of the Nebraska station, 
suggests work on the “nutritional needs of service bulls and the part 
that nutrition plays in reproduction,” and says that “comparatively 
little is available with regard to the effect of various dietary factors 
and planes of nutrition upon reproduction.” E. C. Johnson," director 
of the Washington State station at Pullman, Wash., would determine 
the “actual requirements of our dairy cows” under practical condi¬ 
tions; and A. W. Drinkard, Jr., director of the Virginia station, says: 
“Information on effects of nweral and vitamin deficiencies of feeds 
on animals, particularly dairy cows” is much needed as well as 
“methods for correction of injurious effects on the animals caused by 
lack of minerals and vitamins.” F. W. Atkeson, head of the department 
of dairy husbandry, Kansas Agricultural Experiment Station, believes 
that we need “more inforination on the optimum needs of dairy cattle 
with respect to all essential elements * * *. In the past, work 

has been on minimum needs. Best results require information on 
optimum needs of vitamins, minerals, etc.” As stated above. Dr. 
Clark of Montana would lay stress on the minimum protein require¬ 
ments of sheep and cattle on western ranges; and J. B. Fitch, chief 
of the division of daily husbandry, Minnesota Agricultural Experi¬ 
ment Station, wants “more information on the nutritional require¬ 
ments for reproduction of dairy animals.” 

The pig also comes in for consideration among those animals on 
which work should be done. Professor Bentley, of Pennsylvania, says; 

While it may seem, with all the research that has been done on the swine, 
that most of the important problems should be solved, they are not. A vet 
limited amount has been done with breeding stock and the growing of young pn:' 
Most of our swine work has dealt with fattening swine. Unquestionably, inae 
facts that would greatly increase our efficiency in swine production remain 
l)e solved. 

F. G. King, head of the department of animal husbiuidry of the 
Indiana station, lists among the four problems the solution of which 
he considers of most economic importance the determination of the 
“qualitative and quantitative mineral requirements of animals, es¬ 
pecially of hogs.” 

Poultry received special mention. Dr. Taylor, of California, says; 
“Certainly it is true in the case of poultry, that we do not yet know 
all of the nutritional requirements of the bird”; and J. W. Kalkus, 
superintendent of the Western Washington Experiment Station at 
Puyallup, Wash., would determine “the quantitative requirements of 
vitamins recently found to be necessary for poultry,” “the importance 
of rare minerals in poultry feeding” and “the fat requirements of 
poultry’*; while Director Burr of the Nebraska station su^ests that 
we determine “the optimum levels of nutrition” with poultry. Dr. 
H. W. Titus, in charge of poultry nutrition investigations, Bureau of 
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Animal Industry, also thinks that “optimum” requirements should 
be determined. R. A. Dutcher, head of the department of agricultural 
and biological chemistry, Pennsylvania State College, has the following 
to say on the protein requirements of poultry: 

The protein requirement of poultry is apparently met when the ration contains 
15 percent for laying hens and 20 percent for growing chicks, provided the protein 
is of high biological value. This . . . has been accomplished in agricultural 
feeding practice by using protein concentrates obtained largely from animal 
sources. These are relatively expensive. Research is needed to determine how 
far it is possible to go in substituting different vegetable protein materials for the 
more expensive animal proteins. 

Requirements for Particular Functions 

Many of the replies stress the need for more information on the 
nutritional requirements for some specific function or purpose. May¬ 
nard, Meigs, Hart, and Morrison have already been quoted on this 
point. It is likely that some of Morrison’s questions concerning 
vitamin E may be answered, for Gortner of Minnesota says: 

Just at present we are starting on a comprehensive project here at the Uni¬ 
versity of Minnesota to determine to what extent the presence or absence of vita¬ 
min in the diet is tied up with problems of fertility. We are going to work on 
dairy cattle in that problem, but there may be a different answer when we pass 
over to some of the other farm animals. 

Some additional studies on the nutritional requirements for specific 
functions, suggested by various stations in addition to those already 
given, are listed briefly below: 

Earl Weaver, head of the department of dairy husbandry, Michigan: Methods 
of maintaining the nutritive value of winter milk comparable to that of summer 
milk. 

R. H. Walker, director, Utah station: Phosphorus supplement for range cattle— 
(a) effect on calf crop, (b) effect on development of growing range animals, * * * 
Nutrition and fertility of range animals ♦ * ♦ enabling the livestock men 

to increase unit production by increasing the fertility of the breeding stock by 
proper feeding practices. Use of beet molasses in fattening of cattle, sheep, and 
hogs. 

G. H. Hart, head of the division of animal industry, Davis, Calif.: Basically 
we need to know the requirements for growth of the various species of farm 
animals. 

F. L. Bentley, Pennsylvania: Determine the over-all effect of proper or im¬ 
proper nutrition upon offspring. ♦ * ♦ Work with all classes of l)reeding 

stock and protein, minerals, and vitamins. 

E. J. Iddings, director, Idaho: Nutritional factors affecting the percent calf 
and lamb crop under range conditions. * ♦ * Nutritional causes of sterility 

in farm stock, especially bulls, 

J. O. Tretsven, dairy specialist, department of dairy industry, Montana: Nu¬ 
trition in relation to sterility in dairy cattle—detailed study of vitamin E require¬ 
ments for farm animals. 

J. H. Zeller, swine investigations, Bureau of Animal Industry: Nutritive re¬ 
quirements for reproduction as they affect fertility and the size and vigor of the 
litter. Nutritional factors that affect milk secretion—quality and quantity of 
milk and its relation to growth and development of the young suckling pig. 

J. B. Fitch, Minnesota: Significance of hormones in nutrition, reproduction, 
and milk secretion. Nutritional requirements for reproduction of dairy animals. 

R. E. Buchanan, director, Iowa: Nutrition in relation to reproduction. Fac¬ 
tors involved in economical production of milk, eggs, and meat of maximum 
nutritional value. 

R. T. Clark, Montana: Fattening rations for lambs; use of beet byproducts. 

E. B. Meiga, Division of Nutrition and Physiology, Bureau of Dairy industry: 
Most dairymen would have no doubt that cows could not be kept milking satis- 
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factorily very long if they were given no dry periods at all. It is not a purely 
nutritional problem, but is probably intimately connected with nutrition in the 
sense that dry periods could be made shorter on better rations than on less ade¬ 
quate ones. This has been very little investigated, as far as I know, and it seems 
likely that results of considerable practical importance might be obtained fairly 
quickly. 

H. C. Jackson, chairman of the department of dairy industry, Wisconsin: The 
effect that various feeds may have on the chemical and physical nature of the 
milk produced. 

G. Bohstedt, professor of animal husbandry, department of animal husbandry 
Wisconsin: Relation of feed to the butterfat percentage of milk or to the fat 
production of dairy cows. 

F. J. Sievers, director, Massachusetts: Relation of feeds and feeding practices 
to the off flavors in milk—“cardboard” flavor. 

REUTION OF NUTRITION AND FEEDING MANAGEMENT TO HEALTH AND DISEASE 

The relation of nutrition to disease received frequent consideration 
in the replies. Some suggested work on ^‘the recognition of nutritive 
disturbances,'^ os Samuel Lepkovsky of the department of poultrv 
husbandry, California, put it. Dr. Titus of the Bureau of Animal 
Industry says: “More should be known about the symptoms of par¬ 
tial nutritive deficiencies, both simple and multiple"; and Dr. W. M. 
Neal, of the department of animal husbandry, Florida station, sug¬ 
gests a “study of histo-pathology ^ of nutritional disorders." Lep¬ 
kovsky would study “depraved appetites" in this connection. 

Maynard, Morrison, and Hart have already been quoted on disease 
problems. Possibly it would be well to list briefly some additional 
problems suggested on the relation of nutrition to disease. 

Samuel Lepkovsky, California; Relation of rate of growth to health and vigor. 
Possible relation of nutrition to mortality. 

Hadleigh Marsh, head of the department of veterinary science, Montana: 
Nutritional requirements from thestan^oint of health rather than production of 
meat or milk * * * nutritional sufficiency, from health standpoint, of range 

feeds under various conditions. 

K. E. Buchanan, director, Iowa: Effect of nutrition on susceptibility of farm 
animals to disease. 

J. B. Fitch, dairy husbandry, Minnesota: Relation of nutrition to inastiti- 

A. A. Borland, head, department of dairy husbandry, Pennsylvania: Dui - .. 
plane of nutrition in the feeding of dairy cows affect their resistance to ma-titi^' 
* * * Relation of pneumonia in newly born calves to the n\itrition of tlu' dam 

during pregnancy. 

L. F. Payne, head, department of poultry husbandry, Kansas: A more intensive 
study of the relation of nutrition to the heavy mortality in poultry flocks the 
first laying year. 

R. S. Besse, vice director, Oregon: In all probability there is some relationship 
between high mortality among ewes in western Oregon at certain seasons of the 
year and some nutritional disturbance. 

A. G. Hogan, professor of animal nutrition, department of animal husbandry, 
Missouri: A considerable number of young of swine, cattle, and sheep have been 
reported dead or weak at birth. Is the difficulty due to failure to provide enough 
green forage and reliance on straw with limited grain feeding? “Several cas^ 
have been reported of animals with very weak or porous bones.” Is this condi¬ 
tion due to the use of roughages such as straw and of grains which are very low 
in calcium? 

F. W. Atkeson, Kansas: Methods of feeding or management to control bloat. 

E. J. Iddings, director, Idaho: Nutritional factors respoiisible for the occur¬ 
rence of bloat. Cause of abnormal sugar metabolism in ewes and cows. Cause 
and prevention of urinary calculi in sheep. Relationship of nutritional factors 
to the incidence of swine arthritis. 

* Histopsthology is the histology (microscopic anatomy) of tissues under various pathological conditions. 
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C. W. McCampbell, head, department of animal husbandry, Kansas: Is “lamb¬ 
ing disease” in ewes nutritional in origin? 

E. B. Stanley, head, department of animal husbandry, Arizona: Losses among 
stock running on pasture, that cannot be attributed to any known form of disease. 
He believes that certain substances in the pasture feed itself may be responsible. 

F. L. Bentley, Pennsylvania: Relation of nutrition to a condition “similar to 
rickets” in swine. 

R. A. Gortner, Minnesota: Minimum tolerance of livestock for fluorine. 

NUTRIENTS FOR WHICH A KNOWLEDGE OF REQUIREMENTS IS PARTICULARLY LACKING 

Protein 

Some replies state that the requirements for all nutrients should 
be determmed (see earlier quotations from Hart and Mitchell). 
J. H. Skinner, director of the Indiana Agricultural Experment Station, 
says, “There are still many problems in animal nutrition having to 
do with the place and importance of minerals, proteins, and fats.” 

It will be noted, however, that Burr, Clark, Mitchell, Morrison, 
and Butcher aU stress the economic importance of the protein 
problem. H. R. Kjaybill, head of the department of agricultural 
chemistry, Indiana Agricultural Experiment Station, says: “Further 
information is needed also on the protein requirements of livestock 
with particular reference to the economic use of the proteins.” The 
following occurs in the reply of Gortner of Minnesota: 

I think that we have to emphasize not only an adequate amount of proteins 
but also the fact that the proteins themselves must be adequate, and some of the 
work that Dr. Palmer has been doing would appear to indicate that the protein 
of prairie hay is not only inadequate in amount but also inadequate insofar as 
quality is concerned. 

Although the protein problem has certain regiojial aspects, the 
demand for work on protein req^uirements of livestock and methods 
of supplying these requirements is very widespread. R. E. Hodgson 
in the dairy department and G. E. Bearse in the poultry department 
of the station at Puyallup, Wash., suggests a study of the ^‘quality 
of protein in different kinds of roughage and the influence oi stage 
of maturity and method of preservation on the quality of protein’^; 
while to quote W. C. Skelly, animal husbandman. New Jei’sey State 
Agricultural Experiment Station, ‘‘The protein requirements ♦ ♦ * 

should be stressed as much as possible. 

The problem of protein requirements is also stressed in its relation 
to various functions. 

Fats 

The work that has been done on the essential fatty acids—linolenic, 
linoleic, and arachidonic (see the article Human Food Requirements— 
Carbohydrates, Fats, Energy, p. 152)—recognized as essential with the 
rat, and on the effect on milk secretion of minimum amounts of 
fat in the diet, brought repercussions in the replies. The following 
suggestions were made in addition to the questions of Morrison, 
already quoted: 

^ H. R. Kraybill, Indiana: Information is needed on the amount of fat required 
in rations of various farm animals. 

F. G. Kmg, Indiana: The dietary fat rcquiremeiitH of animals [should be 
determined.] 

H. B. Ellenberger, Vermont: The fact that many of our feeds are lower in fat 
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content than they used to be, and the importance of fat in the ration, should be 
more definitely explained. 

G. C. White, Department of Dairy Industry, Connecticut: Another phase of 
this subject of nutrition on which we are in need of more information as soon as 
possible is the role of fatty acids in nutrition, especially as it may be affected by 
the level of vitamin intake. We are also interested in the total amount of fat in 
the rations of herbivorous animals at different levels or rates of production. 

It might also be asked what fat acids are necessary in the diet for 
milk secretion—all of them, certain specific acids, or certain groups 
of acids? 

Minerals 

Elsewhere in this Yearbook there is a report of a survey to determine 
from the State stations what they know about the mineral deficiencies 
in their States. It will be noted that an appalling lack of definite 
information prevails in most sections. In the replies to my letter. 
Professor Gortner of Minnesota says: 

Then we have the big problem of mineral metabolism. As you are fully aware, 
large areas here in the Middle West are deficient in phosphorus. Just how large 
this area is, we do not know. We have the Minnesota picture fairly well outlined. 
This comes up flat against the borders of both North and South Dakota. How 
far into those regions, we do not know * ♦ 

Professor Hart of Wisconsin lists mineral requirements as a “local ” 
problem. According to the information from the stations, a solution 
to this “local” problem is urgently needed in many States, in order 
that livestock, especially cattle, may be either better fed or fed without 
expenditure of money for unnecessary or unsuitable mineral mixtures. 

We need to know (1) the mineral requirements of livestock, quanti¬ 
tative as well as qualitative, for growth, maintenance, production, and 
reproduction, and (2) the adequacy of diets in supplying these rc- 
(^uirements under different feeding regimes—range, pasture, hav- 
sdage-grain feeding, etc., with feeds produced under varying condi¬ 
tions and in various regions. This may require regional surveys 
where evidence warrants the expenditure. These problems are 
stressed widely in the replies to my letter. Drinkard of Virginia, 
Bolistedt of Wisconsin, and Zeller of the Bureau of Animal Industry 
woultl include the “rarer minerals” or “trace” elements in this investi¬ 
gation. Bohstedt suggests investigation of “the importance of trace 
mineral elements such as cobalt and manganese in animal nutrition.” 
“Are there regions in the United States,” he asks, “where there is a 
deficiency of some of them, as a cobalt deficiency has been found in 
regions of Australia and New Zealand?” Undoubtedly the require¬ 
ments for all essential minerals should be determined; forage and feed 
analyses will then be very much more significant in indicating areas 
where deficiencies may be suspected; and diseases and difficulties with 
livestock that are of endemic (local) nature shoidd be invest^ated to 
determine whether or not they are of nutritional origin. 

Vitamins 

The pioneer days in vitamin work are fast passing. It is true that 
additional vitamins are certain to be discovered, but many of them 
have now been isolated in pure crystalline form, and their chemical 
structure has been determined and their chemical synthesis accom¬ 
plished. Chemical and physicochemical methods of assay are in use 
1 u:hm*—:«>-68 
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with some vitamins and are being developed with others. The studies 
now in progress on the metabolism and physiological functions of the 
known vitamins forecast the use in the near future of more refined 
physiological techniques instead of gross pathological symptoms in the 
detection of vitamin deficiencies. Despite the very considerable re¬ 
moval of barriers to profitable research in the studv of the vitamin 
requirements of livestock and the vitamin values of feeds, there is, as 
Kraybill of Indiana says, further need for imprbved methods for meas¬ 
uring the vitamin content of various feeding stuffs; and Mitchell of 
Illinois would undoubtedly characterize present knowledge of the 
“wastage” of the vitamins in metabolism as very rudimentary. In 
responses from the various experiment stations there are numerous 
demands for work on the vitamin requirements of livestock and on 
methods of supplying them, both for proper feeding and, as some have 
put it, to guard the farmer against misinformation. 

Work on vitamin E at Minnesota, mentioned by Gortner^ is being 
done first with dairy cattle. Hogan, of Missouri, refers to vitamin A 
deficiencies with sheep and cattle duibig the winter, owing possibly 
to previous exceedingly dry weather whicli made green feed very scarce. 
Clarence Dorman, acting director, Mississippi, says: “Our experiments 
at present point toward vitamin A deficiency in our roughages as a 
limiting factor in livestock production.” Hart’s mention of the vita¬ 
min B complex in relation to the growth and reproduction of swine 
has already been quoted. Professor hidings. Idaho, proposes a study 
of the “quantitative vitamin requirements of livestock” and the “vita¬ 
min content of (lifferent farm feeds and factors affecting their preser¬ 
vation.” Director Burr of Nebraska makes a similar suggestion; and 
S. S. Wheeler, professor, department of animal production, Wyoming, 
believes further work is necessary on vitamin A requirements. 

Miscellaneous Factors 

Meigs, Bureau of Dairy Industry, says that — 

line wliich ought to be interesting to cattlemen is that of the possible nutritive 
essentials which are manufactured by bacterial action in the bovine paunch. It 
has always seemed to me that the leads given by Bechdel and Kckles [and asso¬ 
ciates (7*5, 79)] in this direction deserve more following up than they have received 
thus far. 

Perhaps the problem of “the possibility of producing cheaper milk 
through the use of simple nitrogen compounds in competition with 
protein concentrates,” suggested in the letter of Hart, of Wisconsin, 
is akin to this problem suggested by Meigs. Drinkard, of Virginia, 
proposes “research giving more information regarding the significance 
of plant enzymes in animal nutrition, including the action of these 
enzymes in the hydrolysis of plant tissue in the rumen.” 

&veral stations in their replies propose work on the metabolism of 
the honnones and the nutritional conditions that may affect their 
formation and functioning. In addition to this, estrogenic materials— 
materiab that produce estrus in females—have been discovered in 
plants, and material has been found in young growing plants that bf « 
a gonad-stimulating effect similar to that of the gonad-stimulating 
hormone secreted by the anterior lobe of the pituitary gland. There 
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is now much circumstantial evidence in the literature of still undis¬ 
covered nutritive factors in plants. 

E. B. Forbes, head, department of animal nutrition, Pennsylvania, 
would ''continue the quest for knowledge of fundamental details of 
nutritional physiology—to afford guidance in feeding and in selective 
breeding. 

FEEDS AND FEEDING REGIMES 

1 have considered above some of the suggestions that bear princi¬ 
pally on requirenients of specific animals, for specific functions, and 
111 respect to specific nutrients, as well as on problems of the relation 
of nutrition to disease. The need for further work on feed values 
and on the feeding regimes that may be used to meet these require¬ 
ments was very extensively stressed. There were at least 40 refer¬ 
ences to problems in connection with pasture and range feeding, and 
the (lemand for further work on the production, preservation, and 
utilization of hays and silages indicates intense and active interest 
in these fields at the present time. The following brief excerpts 
from these letters may indicate something of the nature of the interest: 

Problems Relating to Forages In General 

.lohiison, director, Pullman, Wash.: The greatest problem which faces the dairy 
industry from the standpoint of the nutrition of dairy cattle is that of roughage 
feeding. * * * Mineral contents of our forage cro|)s, particularly ♦ * * 

calcium and phosphorus. 

Buchanan, director, Iowa: [Would study] the role of roughage in the ration of 
ruminants. 

Johnson, South Dakota: [Work on Ihej digestibility and comparative feeding 
value of roughages from different grasses is badly needed. 

Kalkus, superintendent, Western Washington Experiment Station: Quality of 
protein in different kinds of roughages and the influence of stage of maturity and 
method of preservation on the (piality of the protein. * ♦ ♦ Costs of pro¬ 

ducing nutrients in various roughage and grain crops and the relative costs of 
different mcthod.s of harvesting and preserving nutrients for winter feeding. 

Weaver, Michigan: Specifically with given roughages, how far should our 
dairymen go in providing concentrates? 

Ellenberger, Vermont: [Would study] the problems connected with feeding 
more and better roughages and the profit in improving pasture and hay lands 
and feeding little or no grain. Of course high producing cows must have liberal 
grain rations. ♦ * ♦ The relative returns from liberal versus scanty grain 

feeding should be better understood. ♦ * ♦ More should be known about 

the amounts, qualities, and economies of nutrients derived from pasture. Also 
the differences in quality which may result from fertilization and stage of growth 
when pastured. * * ♦ We need still more knowledge relative to practical 

methods of preserving grass and legumes for silages and the relative losses from 
different haying and ensiling methods. 

M. Jacob, head, department of animal husbandry, Tennessee; [Effect of] soil 
imj)rovement on the nutritive value of grazing, hay, and silage crops. 

Drinkard, director, Virginia: The development of grazing crops particularly 
on land that should not be plowed, (a) Strains of bluegrass, clover, and other 
grasses that yield more forage during midseason and dry j>eriods. (b) Introduc¬ 
tion of forage crops suited to climatic conditions in the South. * ♦ * Coni- 

plete mineral analyses of different plants used in feeding cattle * ♦ ♦ Condi¬ 

tions under which low and high percentages of minerals are produced in forage 
plants ★ ♦ ♦ Vitamin contents of roughages and grains * ♦ ♦ Improve¬ 

ment of the mineral and vitamin content of plants used in feeding cattle by plant 
breeding methods ♦ * * Methods by which plant deficiencies, particularly 

mineral and vitamin deficiencies, may be corrected * ♦ ♦ Supplementary 

value of plant proteins. 

K. S. Morrow, dairy husbandman, department of dairy industry, New Hamp- 
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shire: Interested in grass silage. More consideration should be given to the 
quality of * * * dry roughages, especially native hay such ^ timothy, 

which can be grown in New England ♦ ♦ ♦ j presume no one knows defi¬ 

nitely what is the most favorable balance of nutrient source between grain and 
hay or roughage from the standpoint of production * * * or economy of 

feeding practices. x j j 

Johnson, South Dakota: Feeding value of roughage stored under various 
ditions for more than 1 year—and of other feeds also. Information is needed 
concerning the use of sorghum for forage and for grain for livestock. 

Payne, Kansas: Methods and means of producing and preserving young forage 
crops especially applicable to feeding poultry * * ♦ Nutritional factors 

present in young forage crops which so far do not seem to be preserved m dry 
or dehydrated forms ★ * * Careful study of young forage plants to as¬ 

certain, if possible, what it is that gives the high nutritive value [to them]. 

T. E. Woodward, Bureau of Dairy Industry: Raise and feed more high quality 
forage—pasturage, hay, and silage. This can be recoinnicnded without further 
research. Further w*ork is needed on the harvesting and storing of forages with 
a view to conserving more fully the nutritive value and palatability of the green 

f lants without at the same time incurring any considerable extra expense * * ♦ 

t would be of use, too, to know the cropping system best adapted to any par¬ 
ticular soil and climate, both when the main .source of income is the sale of milk 
and when it is the sale of cream and hogs ♦ * * How best to supplement 

forages with more concentrated feeds. We are particularly in need of investiga¬ 
tions that will show the quantities of concentrates! feed which should be given to 
cows with forages of different qualities when the prices of the feed and product 
vary considerably * * * Still another problem upon which we need more 

information is the relative nutritive value of different feeds. 

Bohstedt, Wisconsin: Effect of seasons of drought or excess rainfall upon the 
composition and feed value of plants. 

Problems Relating to Pasture Feeding 

The use of pasture received wide attention in the letters received. 
Prof. G. C. Huinphrey, department of dairy husbandry, Wisconsin, 
says: 

I should say first of all we have not o.stablished the value of good pa.sture to 
the extent of showing facts on how pasture influences health, growth, mainte¬ 
nance, and productivity of our farm animals. 

W. C. Coffey, director, Minnesota, says: 

I strongly incline to the importance of a program addressed to the nutritional 
and management pha.ses of grass in animal production. There is a general 
awakening to the importance of this problem and I sincerely hoi>e that the next 
10 years of research will yield significant results relative to grass. Perhaps I 
should include the word forage. 

Wheeler, Wyoming, says: 

Another problem which seems to us particularly timely is that of the nutritive 
value of permanent pastures. We have reference in this connection to the so- 
called irrigated pastures of tame gra.ss and legume seedlings. The nutritional 
as|>ects of pasture research are, to our way of thinking, rather important. Little 
is known in this section of the country regarding this type of permanent pastures, 
and very little more is known regarding the carrving capacitv and management 
problems. 

In Arizona, Stanley also would investigate the— 

use and value of our pasture feed.s in the irrigated sections. An Increasing use 
IS bein^ made of pasture feed.s, particularly alfalfa in combination with barlev 
in the imgated areas, and no definite information is available pertaining to the 
exact value of this kind of feed. While stockmen, particularly sheep and cattle 
men, have beea using these feeds for some time, they are increasingly dependent 
upon them. There is no knowledge concerning the most practical method of 
using these feeds nor as to their value as feed. 
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King, Indiana, suggests a study of the “nutritive value of pastures, 
and the effect of fertilization and management of pastures on feeding 
value’’; Zeller, Bureau of Animal Industry, proposes a study of the 
nutritive value of different pasture grasses; while (V>oper, director, 
Kentucky, would investigate “the nutritional value of pastures for 
poultry.’’ 

Several workers believe, as Weaver (Michigan) puts it, that there 
is “uigent need of unification in our methods of evaluating pa.stures. 
Po^ibly some further work along this line might afford facts upon 
which we might unify our pasture research.’’ Kalkus, Puyallup, 
Wash., expands this thought somewhat when he emphasizes the 
need of “methods of measuring pasture yields in terms of grazing 
animals.’’ lie also sees nee<l for “knowledge of nutrient require¬ 
ments of cows under grazing conditions,’’ and on “the effect of pas¬ 
ture management upon yield and palatability of pasture’’; also the 
effect of stage of maturity at cutting and the methods of processing. 
Johnson of Pullman, Wash., feels that work should be done on methods 
of determining and expressing “pasture yields,’’ and Atkeson, dairy 
husbandry, Kansas, sees the need of “more information on the best 
methods of pasture management.’’ Again and again the necessity 
of more infonnation regarding the mineral, vitamin, and protein 
content of pasture herbage and the factors affecting these values is 
stressed. 'The fact also should not be overlooked that there are 
undoubtedly undiscovered nutritive factors in pasture, and several 
replies suggest further investigation of these vanous “grass factors.’’ 

Range Feeding 

Some of the problems suggested that pertain particularly to range 
feeding are indicated in letters from stations where this type of feeding 
is important. 

Clark, Montana: I am firmly convinced that there a crying need for some 
fundamental research on the food value of grasses that are native to Montana 
ranges ♦ ♦ ♦ j Relieve that it is highly desirable that this experiment 

station examine the food value of certain introduced species of grass, more 
particularly crested wheatgrass ♦ ♦ ♦ 

Wheeler, Wyoming: A more careful appraisal of the value of native grasses 
and other forage plants used for wintering sheep and cattle. We have a fairly 
comprehensive amount of information on the chemical analysis of range forage 
plants, but to my knowledge little, if any, information on their actual efficiency. 
The field of mineral nutrition in the w'estern area has barely been scratched. 
There exists, in our opinion, a wide variation of conditions throughout this area 
together with a variety of opinions regarding the necessity of feeding supplemen¬ 
tary amounts of minerals to sheep and beef cattle. The work that has been done 
so far points to no definite conclusions. It seems to me, therefore, that further 
work along the line of determining more accurately the mineral requirements of 
raiige sheep and cattle would not be unjustified. 

G H. Hart, California: [Study the] deficiencies of feeds available in consider¬ 
able quantities in local areas in order that their limitations couid be recognized 
and tne deficiency supplied at minimum cost ♦ * * Possibilities and limi¬ 

tations of range forage and how best to supplement it for stock cattle as compared 
witli fattening cattle. For example, remarkable results can be obtained in this 
State by feeding the cow herd one or two pounds of cottonseed meal on our ranges 
where annual vegetation constitutes the cover, provided this is started early 
enough before the animals get too thin. 

Besse, Oregon: The outstanding unsolved problems in the field of animal 
nutrition as they appear to us in Oregon are divided into two general cl^es: 

(1) The problems affecting the livestock in western Oregon and on the irrigated 



1062 


YEARBOOK OF AGRICULTURE, 1939 


areas of southern and eastern Oregon. These problems have to do mainly with 
dairy cattle and sheep and unquestionably involve phosphorus deficiencies in 
forage crops and in the grains and probably some vitamin deficiency in the cured 
forage crops and the r^ationship of these two probable deficiencies. There is 
plenty of evidence of definite phosphorus deficiency in sever^ ^as above- 
mentioned, particularly as its effect is observed with dairy cattle. In all probability 
there is some relationship between high mortality ainong ewes in western Oregon 
at certain seasons of the year and some nutritional disturbances. Just what these 
are has not been determined. , . -x- i ^ 

(2) The other principal division in which livestock nutritional proDiems fall has 
to do with the nutrition of range livestock. Fragmentary analyses of natural 
forage, bunch grass, browse, etc., collected throughout the range country, as w’ell 
as similar analyses of both wild and tame hays on which range cattle are wintered, 
indicate a high variability of protein and phosphorus content. The deficiency of 
phosphorus in many of our valleys in eastern Oregon has shown the phosphorus 
content of hay is below the minimum requirement for optimum nutrition. This is 
also true of the analysis made of many of the dried forage plants which the animals 
consumed in the dried or cured form on the range. From experience of workers in 
California, there is every reason to suspect a deficiency of vitamin A and probably 
D in manv of these forage plants. 

Stanley, Arizona; A publication reporting the results of a .study of the nutri¬ 
tional requirements of cattle on a grass land range area in this State has just been 
published ♦ * * A phase of this study is being enlarged to include forag^ from 
representative range areas throughout the State. Standard feed analyses includ¬ 
ing phosphorus and carotene determinations are being made of these forages at 
different seasons of the year. Blood samples are also being taken of cattle grazing 
on these range areas for phosphorus determinations. We are hopeful that after 
another year or two of study on this problem that this station will have a more 
definite knowledge of the actual nutritional value of our more important range 

Iddings, Idaho: The nutritive value of the major species of range forage plants 
with special reference to the total digestible nutrients present at different stages 
of growth * * * Mineral deficiencies of range stock. 

Walker, Utah: 

1. Additional studies to determine the .seasonal variation of the composition of 
range plants, particularly in regard to the amounts and proportion of the essential 
mineral constituents. Information of this type would enable the range livestock 
operator to more intelligently supplement the range feeds during times of .stress. 

2. The influence of unusual soils (alkaline, acid, calcium deficient, selenifcruii.s, 
etc.) should be a very beneficial type of study. Although infonnation deriveti 
from this type of research may not be applicable to large areas, it .should prove 
very helpful in solving some feeding problems of a specific nature. 

3. A study of the influence of prolonged droughts on the composition of range 
plants and their effect on range animals would prove very valuable in arid range 
.sections. 

4. A study of the relationship l>etween nutrition and fertility of range animals 
might prove to be very valuable in enabling the livestock men to increase unit 
production by increasing the fertility of the breeding stock by proper feeding 
practices. 

5. A study of the manganese content of feeds grown in this region and the 
influence this element may have on the development of bone deformities occurring 
in partly grown lambs and turkeys. 

6. A survev to determine the localities in our State in which the soils, plants, or 
animals are deficient in phosphorus (in the case of soils, available phosphorus). 

7. Value of a phosphorus supplement for range cattle on Utah ranges, (a) Effect 
on calf crop; (b) effect on development of growing range animals. 

8- The optimum amount of beet molasses for feeding both cattle and sheep 
which are being fattened. 

9. The amount, also the v^ue, of beet molasses for fattening hogs. 

J. H. Knojr,^ead, department of animal husbandry. New Mexico: We b^eve 
that more information about composition of range plants is greatly need^ ♦ * ★ 
Should not only give average compositions for the principal species, but should also 
show Ijilw they are affected by soil, climate, stage of maturity. 
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Hays and Silages 

C. F. Huffman, research a^ociate in dairy husbandry, Mich^an, 
sets up only one problem in his reply. It is a study of “tlie nut^iti^'e 
value of roughages and methods of conserving rougliages before di¬ 
gestibility of the dry matter is depressed.” Hart, Morrison, and 
Mitchell liave already been quoted on this and related problems. 

Other suggestions for work on hays and silages may be given 
briefly as follows; 

Humphrey, Wisconsin: I feel that we should have more facts on what consti¬ 
tutes good roughage for winter rations. 

Bohstedt, Wisconsin; The factors that make for satisfactory hay and silage, 
with reference to palatabilitv, preservation of nutrients, and absence of mold. 

Ellenberger, Vermont: We need still more knowledge relative to practical 
methods of preserving grass and legumes for silage and the relative losses from 
different haying and ensiling methods. 

Sievers, Massachusetts: Methods of preserving and utilizing roughage * * ♦ 
Grass silage * ♦ * Artificial use of acid preservatives in silage * * ♦ 

Stage of maturity for the harvest of roughage. 

C. B. Bender, professor of dairy husbandry, State College of Agricultural and 
Mechanic Arts, New Brunswick, N. J.: Grass silages should be investigated quite 
thoroughly within the next few years. This subject is coming into considerable 
prominence because of its fiistinctive value in a system of agriculture. We have 
been doing considerable work along these lines, but I feel that it is extremely 
essential that other experiment stations try out this material on various breeds of 
livestock. First, to find out the exact feeding values of the various crops that may 
I Hi ensiled, then to find out what effect the maturity of the crop will have upon the 
feeding value. Also, to find out what effects the kind and amounts of preserva¬ 
tives will have on the feeding value of the crop, as well as their effect on the physio¬ 
logical reaction of the animal. I know that the quality of roughage is extremely 
important in determining the feeding value, and from our experiments wo definitely 
feel that by ensiling green crops we may preserve the roughages when they have 
their highest nutrient value. 

Atkeson, Kansas: The place of grass silage in the best dairy farm management. 
Better methods of hay making to recover more completely the entire nutrients 
produced, in the most palatable and nutritious form. More research on what 
constitutes quality in hay for dairy cattle: methods of measuring same; and adjust¬ 
ment of hay grades on this basis. 

P. S. Burgess, dean and director, Rhode Island station: Professor J. E. Ladd, 
head of our Department of Dairy Husbandry, has suggested that studies on the 
change in the kind and amount of concentrated feeds now needed to meet better 
roughage practices (grass silage, etc.) to reduce the cost of making market milk, is 
the big problem now before dairymen in this State. 

Borland, Pennsylvania: The physiological effects of phosphoric acid in amounts 
such as are ordinarily used in the preservation of grass silage (m gals, or 16 lbs. per 
ton of green forage). 


Problems RelaUng to Feed Values In General 

Some workers (Woodward, Bureau of Dairy Industn', Weaver, 
Michigan, and others) feel that the method of expressing tlie energy 
values of feed in terms of total digestible nutrients is unsatisfactory'. 
Mitchell has already been quoted as saying that “averse tables of 
feed composition are not as useful as they might be.” 

The variability in the composition of feeds is generally recognized. 
Du teller of Pennsylvania says; 

Home-grown grains -used so extensively in poultry feeding vary in mineral, 
vitamin, and protein content depending upon the area in which they are grown 
and the types of soil peculiar to these areas ♦ ♦ ♦ Considerable research 

work is necessary before it is feasible to recommend the amount of supplementary 
grains to be fed to poultry under various conditions of feeding. 
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Titus, poultry nutrition, Bureau of Animal Industry, comments: 

We know in a crude way, as the result of proximate analyses, the p>ercentage of 
protein, fat, fiber, ash, moisture, and nitrogen-free extract in many of our 
feedstuffs. We also know something about the relative value of some of 
them as sources of good protein and the several vitamin and inorganic elements. 
But ♦ ♦ ♦ our knowledge is very incomplete. 

Taylor, poultry, California, voices a general feeling when he pro¬ 
poses ‘*a fundamental study of the premerties of feedstuflFs and their 
proper combination into rations.^me workers—for example, 
Woodward of the Bureau of Dairy Indiistiy—feel, as Knox (New 
Mexico) puts it, that ‘‘from the standpoint of the livestock feeder, 
we believe that more complete and more definite knowledge of the net- 
energy value of feeds is the most important contribution that could be 
made'’; others recognize the difliculty in determining such values for 
individual feeds. J. C. Knott, associate dairj husbandman, Pullman, 
Wash., says: ‘‘Our greatest need in the nutrition of dairy cattle is to 
know the nutritive value of the complete ration," and “We need 
further information on the proper feeds that will supplement our 
home-grown roughages." 

Buchanan (Iowa), King (Indiana), Fitch (Minnesota), Zeller 
(Bureau of Animal Industiy"), McCampbell (Kansas),Burr (Nebraska), 
Drinkard (Virginia), Ellenberger (Vpmont), and Lepkovsky (Cali¬ 
fornia) all suggest work on the protein value of feeds—the biological 
value of the protein, the supplemental relation between feed proteins, 
the amino acids in feed proteins, the conditions affecting the protein 
value of feeds, economical sources of proteins, etc. 

Under this heading there are about 14 proposals for work on the 
mineral contents of feeds. Work of this sort is advocated in replies 
from Virginia, Pennsylvania, South Dakota, Montana, Mississippi, 
Tennessee, California, Utah, Oregon, Washington, Illinois, Nebraska, 
Wyoming, and Wisconsin. Some of these replies have already been 
referred to. A number of them propose to investigate the question 
of phosphorus deficiency. Some would investigate the possibilitv of 
both calcium and phosphorus deficiencies, while others would inchide 
a study of manganese, cobalt, and iodine in feeds. 

I shall not attempt to summarize the above suggestions. As 
stated at the beginning, the problems suggested deal with ever>’ 
aspect of livestock nutrition. After reading them, I realized that thev 
cover the entire subject matter of this Yearbook. In closing this 
inadequate summary, I want to thank all who replied to my letter. 



COMPOSITION OF THE PRINCIPAL FEEDSTUFFS 
USED FOR LIVESTOCK 


by N. R. Ellis, W. R. Kaullfflan, and C. 0. Miller ‘ 


Tables of composition of feedstuffs have found widespread use among 
those wncerned in hvestock feeding. Such information is especially 
useful in the selection of feeds and the determination of the propor¬ 
tions to use in diets. State and Federal regulations governing the 
sale of feedstuffs frequently include provisions concerning the protein, 
fiber, ash, fat, and moisture content. In the use of forage crops, it is 
now realized that stage of maturity is an important factor in compo¬ 
sition. Estimations of the digestible nutrients contained in a given 
feed are based on the percentages of total protein, fat, fiber, and 
nitrogen-free e.vtract (carbohydrate except fiber) and the coefficients 
of digestibility, which have been determined experimentally. Thus 
it can be seen that tables of composition are useful in a variety of 
ways. 

The data assembled in table 1 cover the more common constituents 
found in feedstuffs. They include those concernetl in proteui, energy, 
calcium, and phosphorus metabolism. The table represents a revision 
of earlier tables in use in the Department. An effort has been made 
to incorporate recent analyses of materials as they are used today. 
Such changes in composition as have occurred may be attributed to 
improved methods of analysis, introduction of new varieties of plants, 
changes in harvesting methods, and improvements in milling and 
processing methods. 

Wherever possible, the definitions and standards for feedstuffs that 
have been adopted by the Association of American Feed Control 
Officials liave been followed in the selection and arrangement of the 
analysis figures. The data on composition have been taken from the 
publications of the State experiment stations, the State and Federal 
regulatory agencies, and other publications on the feeding and nutri¬ 
tion of animals. While the compilations are by no means complete as 
to numbers of analyses and materials, they are offered as typical of 
present-day products. 

Table 2 gives the estimated d^estible protein and total digestible 
nutrients of those feeds listed in table 1 for which digestibility coeffi¬ 
cients have been determined for cattle, sheep, and swine. Though it 
has been customary to combine the data for ruminants, recent interest 
in species differences has prompted the separate treatment in the 
present table. Data for poultry will be found in table 8 of the article 

» N. R. Ellis Is Senior Chemist, W. R. Kauffman is Assistant Chemist, and C. O Miller Is Junior Sclentlflc 
Aid. Animal Nutrition Division. Bureau of Animal Industry. 
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Practical Feeding of Poultry (p. 842). In the preparation of toble 2, 
advantage has been taken of various publications, especially tho^ of 
the Texas Agricultural Experiment Station, in which digestibility 

coefficients have been assembled. 4 . , • xu x x 

These data are presented for the purpose of showing the extent to 
which studies on the digestibility of individual feedstuifs have been 
carried and to show the likenesses as well as^variations between specnes. 
It will be noted that sheep have been used much moi^ extensively than 
either cattle or swine for determination of digestibility. Ihe work 
with swine has been confined largely to the grains, seeds,^and protein 
concentrates. No attempt has been made to determine the reliability 
of the figures through evaluation of the errors involved in the aver- 
aging of data from various sources. Hence, unless differences in 
digestibility between animals or feeds are reasonably pronounced, 
they may not mean a great deal. 

Undoubtedly, the most accurate data on digestibility are obtained 
and the most reliable application is made on the basis of the actual 
combination of feeds used in the diet of a particular class of animal. 
Values for single feeds are not necessarily reproducible in a inixture, 
and values obtained on high-producing milking cows are different 
from those on dry cows. An extensive number of diets containing 
several feeds have been studied, but these diets have not been tabu¬ 
lated here because of the complexity of the data. 

Critical studies on the relationship between the over-all nutritive 
value of feeds as shown in the feed lot and the data on composition 
and digestibility have revealed various pitfalls in interpreting nutri¬ 
tive values from the composition data. The question has become of 
such interest that the American Society of Animal Production has 
appointed a special committee on the evaluation of feeds. This com¬ 
mittee has planned to consider feed from various viewpoints including 
( 1 ) energy, (2) total nutritive value, (3) biological methods for studying 
protein and energy values, (4) chemical methods, and (5) digestibility 
by different species. One of the more difficult chemical problems is 
the expression of the carbohydrate fractions commonly ^ven as the 
crude fiber and the nitrogen-free extract. This arbitrary division does 
not measure especially well the nutritive value of the several chemical 
constituents which include the sugars, starches, pectins, gums, hemi- 
celluloses, celluloses, and lignins. The discrepancies are reflected espe¬ 
cially in the evaluation of the energy content of the forages and other 
products containing the more indigestible constituents. The impor¬ 
tant role that vitamins and minerals play in the ability of the animal 
to utilize feed wdl require the reexamination of the older data on 
energy and protein values, which may have been obtained during the 
feeding of rations deficient in these other nutritive factors. 

Finally, it should be pointed out that such differences as may be 
found between the present values for digestible constituents and other 
published values may be due to several factors. In the first place, 
the chemical composition data of table 1 show differences from other 
published tables due to selections made in the compilations. Con¬ 
siderable latitude must be permitted in the choice of digestibility 
coefficients suitable for general use. Coefficients for a ^ven con¬ 
stituent and feed vary considerably and unless a large number of 
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determinations are available to be averaged the use of any unusually 
high or low value® in one case and not in another changes materially 
the final digestibility value. The separate treatment of sheep and 
cattle in the present tabulation as contrasted with the usual combina¬ 
tion of all species or of all ruminants also has an important bearing on 
tlie calculations. On the whole, the present values appear to show 
good agreement mth other published figures in most instances. 

Table I .—The percentage composition of feedstuffs used in animcd feeding 
GRAINS, SKED8. AND MII.L rONCENTRATES 


Feedstuff 

Mois¬ 

ture 

Ash 

Crude . Ether 
protein |extract‘ 

i 

gen-free 

extract* 

Cal- Phos- 
cium * Iphorus* 


Pfrcfjit 

Per cent 

Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Barley .. . . 

9 6 

2.9 

12.8 

2.3 

5.5 

66.9 

0.07 

0.32 

Barley feed _ - . 

7.9 

4.9 

16.0 

4.0 

13.7 

54.5 

.03 

.41 

Brrad, kiln dried_ 

10.5 

2.1 

12.6 

1.6 

0.4 

72.9 

.03 

.12 

Brewers’ tlried grains: 









18-23-i>ercent protein. 

7.9 

4.1 

20.7 

7.2 

17.6 

42.5 

.16 

.47 

Xi ^S-iKsrccnt protein ... _ 

7.7 

4.3 

25.4 

6.3 

16.0 

40.3 

.16 

.47 

Bn*wers’ rice . .. . .. 

11.6 

.7 

7.0 

.8 

.6 

79.3 

.03 

.2^ 

Buckwheat . 

12.6 

2.0 

10.0 

2.2 

8.7 

64.5 



Buckwheat middlings . . . . _ 

12.4 

4.6 

28.0 

6.6 

5.3 

43.1 



Cocoa shells _ . _ 

0.2 

8.2 

16.4 

,5.4 

15.8 

45.0 



T’oconut cake _ - .... 

10.7 

4.0 

19.1 

11.0 

14.1 

41.1 



Cofionut meal, old process . ... 

7.3 

5.5 

21.3 

10.0 

9.4 

46.5 

.28 

.58 

Coconut meal, new* jirotTss . 

H.9 

6.6 

21.4 

2.4 

13.3 

47.4 

.28 .58 

(’orn, shelled . 

12.9 

1.3 

9.3 

4.3 

1.9 

70.3 

.01 

.26 

(’’orn bran . 

10.0 

2.1 

10.0 

6.6 

8.8 

62.5 

.03 

.14 

Corn chop . 

11.3 

1.4 

9.8 

4.1 

2.1 

71.3 

.01 

.26 

(’orn (ear) chon . 

10.7 

2.0 

8.2 

3.4 

9.2 

66.5 



(’orndeed ineaf . 

10.8 

1.9 

10.5 

5.3 

2.9 

68.6 

.04 

.38 

(’orn-germ meal 

7.0 

3.8 

20.8 

9.6 

7.3 

51.5 

.05 

.59 

(’orn-gluten feed 

9.5 

6.0 

27.6 

3.0 

7.5 

46.4 

.11 

.78 

(’orn-gluten meal 

8.0 

2.2 

43.0 

2.7 

3.7 

40.4 

.10 

.47 

Corn-oil meal 

8. 7 

2.2 

22. 1 

6.8 

10.8 

49.4 

.06 

.62 

(’ottonseed, whole pressed 

6.5 

4.3 

29.6 

5.8 

25.1 

28.7 



('otlonseed cake 

7.5 

5.9 

44.1 

6.4 

10.3 

25.8 



(’ottonswd fetNl, 32 perc«*nt firoiein . 

8.3 

4.8 

32. 1 

6.4 

15. 3 

33. 1 

.20 

.73 

(’otUmseetl hulls 

8.7 

2.6 

3.5 

1.0 

46.2 

38.0 



Cottonseeil meal; 









33 38 percent protein . 

7. 4 

5.2 

36.6 

5,6 

15.3 

29.9 

.28 

1.30 

43 i>erc«*nt protein .. 

7.3 

1 6.1 

41 0 

6.5 

11.9 

27.2 

.19 

1.11 

Over 43 ptTcent orotein 

7.2 

! 5.8 

43.7 

6.5 

11. 1 

•25.7 

.18 

1.15 

Distillers’ (corn) dried grain 

7.0 

! 2.4 

28.3 i 

9.4 

14.6 

38.3 

.04 

.29 

Distillers* (rye) dried grain. 

6.1 

• *2.4 

17.9 ^ 

6.3 

15.9 

51.4 

.13 

.43 

Feterita 

9.1 

i 

14.2 

•2.9 

1.4 

70.7 



llemi) cake 

10.8 

18. U 

30. 8 1 

10.2 

22.6 

7.6 



Hemj>soo(i. KuroiH'an 

8.8 

! 18.8 

21.5 i 

m.A 

16.9 

4.6 



Hominy fetNi . . 

9.5 

2.9 

11.2 

8.3 

6.3 

61.8 

.03 

.44 

Kafir 

11.9 

, 1.7 

11. 1 

3.0 

2.3 

70.0 

.01 

.25 

Kafir-head ehoiw . 

10. 4 

3.9 

10.9 

i *2.5 

6.0 

66.3 

.09 

.20 

I.inseed meal; 









'.W-38 1 Moreent protein 

8.5 

5.6 

35. 3 

5.4 

8,3 

36.9 

.36 

.84 

38'43 percent protein 

8. .5 

: 5.3 

40.4 

5.8 

7.5 

32.5 

.33 

.74 

Malt 

7. 7 

2.9 

12.4 

2.1 

6.0 

68.9 j 

_ 


Malt sprouts 

7.3 

6.1 

28.1 

1.8 

13.3 

43.4 

.26 


Mesciuite beans and ixnls 

6.6 i 

4.6 

13.0 

2.7 

22.8 

50.4 

. .. 


Millet, foxtail .. 

10.1 

3.3 

12.6 

4.3 

8.4 

61.3 



Millet, proso or hog millet .... 

9.8 1 

3.4 

12.0 

3.4 

7.9 

63.5 



Milo .. . 

9.3 1 

1.6 

12.6 

3.2 

1.5 

71.9 



M llo-head chops ... 

10.4 

4.3 

10.7 

2.6 

7.1 

64.9 



Molas.'VS, cane . 

24.0 ! 

6.8 

3.1 



66. 1 

.35 

.06 

Oats, grain . . 

7. 7 

3.6 

12.6 

4.4 

li.2 

60.7 

.10 

.40 

Oat chojTs . — . 

8.0 

3.9 

12.8 

6.0 

11.8 

67,6 

. 10 

.36 

Oat clips . . 

9.0 

0.3 

11.8 

4.6 

22.7 

42.7 


1 ■ 40 

Oat groats, ground rolled . . 

10.4 

2.6 

17.3 

6.6 

1.8 

61.3 

.08 

t . 43 

Oat nulls . 

5.8 1 

6.5 

4.3 

1.9 

30.8 

60. 7 

.09 

. 12 

Oatmeal .. 

8.0 

! 2.3 

16.6 

4.8 

3.6 1 

1 63.9 

.08 

. 43 

Oat mlllfecd 

6.9 

j 6.0 

i 6.3 

2.2 

^•21 

50.7 

.20 

.22 


8.4 

1 i.g 

8.4 

48.8 

5.8 1 

1 26.8 



t aim Kerui*i ..—--- 

Palm-kernel cake ... 

io!i 

3.0 

1 16.2 

11.0 

21.4 1 

37.4 i 




> Fat. 

* Carbohydrates exwpt fiber. 

* lA>aders indicate that data are laoktns. 
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Table 1 .—The percattage composition of feedstuffs used in animal feeding Continued 
GRAINS, SEEDS, AND MILL CONCENTRATES—Continued 


Feedstuff 


i 


Peanuts, kernels . 

Peanuts, shells on. 

Peanut meal: 

38-43 percent protein . 
48-48 percent protein... 
Over 48 percent protein. 
Rapeseed, brown Indian... . 

Rapeseed, common. 

Rice, rough-- 

Rice, bran.. 

Rice hulls_ 

Rice polish..... 

Rice-stone bran. 

Rye. 


Rye feed--- 

Rye middlings . _ _ 

Sesame seed. . - 

Sesame-seed cake_... 

Sorgo- - ... 

Soybeans... 

Soybean meal: 

38-43 percent protein .. 
43-48 percent protein... 

Sunflower seed__ 

Sunflower hulls_ 

Sunflower kernels.. 

Velvetbeans_ 

Vinegar grains ... 

Wheat... 

Wheat bran... 

Wheat, brown shorts. 

Wheat-flour middlings 

Wheat, gray shorts. 

Wheat, mixed feed- .. 

Wheat, red dog__ 

Wheat, standard middlings 
Wheat, white shorts. . 

Wheat waste, shredded. 

Yeast cells, dried_ 


Mois¬ 

ture 

Ash 

Crude | Ether 
protein;extract 

Crude 

fiber 

1 Nltro- 
1 gen-free 
extract 

Cal- 1 Phos- 
cium 1 phorus 

Percent 

Percent 

Percent 

1 

Percent 

Percent 

Percent 

Percent] Percent 

5. 5 

2.3 

30.2 

. 47.6 

2.8 

11.6 

0.06 

0. 3S 

6.0 

2.8 

24.7 

35.1 

IS. 0 

15.4 

., 


6. 4 

4.4 

41.6 

7.2 

16. 0 

24.4 

.10 1 

..50 

6. 7 

4.6 

46.1 

7.2 

14.2 

22.2 

.17 

.55 

7.0 

3.0 

51.4 

4.S 

9.2 

22.6 

.1 - 


5. 7 

6.4 

21.0 

41.2 

12.5 

13.2 

, 

_ 

7.3 

4.2 

19.5 

45.0 

6.0 

18.0 

.'. 


9. 7 

5.4 

7.3 

2.0 

8. 6 

67.0 

. 10 1 

. 10 

8. 8 

12.2 

12.8 

13.8 

12.2 

40.2 

. 10 ! 

1.84 

6.5 

21.9 

2. 1 

. 4 

44.8 

24.3 

.08 i 

.06 

10. 0 

7.6 

12.4 

13.2 

2. 8 

54.0 

.03 

L.52 

8 4 

11.9 

12.5 

13. 0 

11. 1 

43.1 



9.5 

1.9 

11.1 

1. 7 

2. 1 

73. 7 

.04 

..37 

10.2 

4.0 

15.6 

3.2 

4.3 

62.7 

.1 

.59 

9.5 

4.4 

16.7 

3.7 

5. 5 

60.2 

.1- 

_ 

.5.5 

6.5 

20.3 

45.6 

7. 1 

15.0 

1 


9.8 

10.7 

37.5 

14.0 

6.3 

21.7 


__ , 

12.8 

2.1 

9.1 

.3.6 

2. 6 

69.8 



8.0 

4.8 

38.9 

18.0 

4.8 

25. 5 

.22 

.67 

7.8 j 

1 

5.8 , 

41.7 i 

.5.8 

6.2 

,32. 7 

.29 ' 

.67 

8.2 1 

6.0 1 

44. 7 

4.6: 

.5.8 j 

.30.7 

.34 ( 

. 71 

6.9 

3.2 ! 

15.2 

28.8 , 

28. 5 

17.4 

! -. . 


10.5 1 

2.6 1 

4.4 

3.4 1 

.57. 0 i 

22.1 



6.9 1 

4.2 ! 

29.4 

43.9 

2.6 

13.0 



9.8 1 

3.1 1 

26.2 

4.8 , 

6. 0 

.50.1 

i. 


6.8 ! 

2.9 1 

19. 5 

7.0 1 

17.3 

46.5 

1 


10.6: 

1.8 I 

12.0 

2.0 1 

2.0 

71.6 1 

1 1 

.'38 

9.4 1 

6.4 

16.4 

4.4 1 

9.9 

.53.5 1 

1 .10 ' 

1.14 

10. 8 1 

4.0 

17.8 

i 4. 8 1 

.5.8 

I 56.8 

.. 


10.4 

3.3 

18.8 

4.0 , 

4.2 

59.3 j 

.09 

. Ml 

11. 0 ! 

4.1 

17.5 

4.4 

.5.4 

57.6 

.08 

. 86 

9.9 1 

4.4 

18.2 

4.4 1 

6.9 

.56. 1 { 

.11 

. IHJ 

11.1 

2.2 

18.3 

.3.4 

2.3 

62. 7 1 

.12 

.83 

10.4 

3.9 

17.0 

4. 3 , 

5.4 

50.0 

.00 

'Rl 

10.9 

2.2 

15.6 

3. 7 , 

2.4 

65.2 

.. - ... -. 


8.0 

1.6 

12.4 

1.6 ; 

2.6 

73.8 



4.3 

10.7 

48.5 


. 5 

35.5 

.42 

1.90 


animal, MARINE. AND MILK PRODIM TS 


Beef meal_ 

Blood meal. . 

Bone, green, horse__ 

Bone, green, butchershop 

Bonemeal, raw. 

Bonemeal, steamed_ . ... 

Bonemeal, special steamed .. 

Buttermilk-.. 

Buttermilk, dried. 

Crab meal.. . .. _ 

Fish meal,_ _ 

Fish meal, menhaden . 

Fish meal, sardine. 

Fish, whiting_ _ _ 

Lips, ox. 

Liver, hog. 

Liver meal..... 

Lungs, beef . ... 

Lungs, calf.. 

Meat, horse muscle. 

Meat, beef muscle.. 

Meat and bone scraps: 

42-48 percent protein... 

48-fi3 percent protein. 

53-58 percent protein_ 

MeatiMps: 

48^percent protein. . 

58-58 percent protein.,. 

Melts, beef.. 

Melts, pork. 


8.0 

13.0 

70 6 

9. 1 

14.4 

4.7 

78.4 

. 

,59. 0 

20. \ 

19.2 

. 4 

.52.0 

16.3 

16. 6 

17. 0 

6. 7 

62. 1 

25.2 

.3.3 

3.1 

83.6 

6.2 

9 0 

2.7 

75. 1 

11. 1 

6. 5 

91.0 

.7 

3.0 

.5 

,5.5 

9.4 

34.3 

7.0 i 

8.4 

37.1 

37.9 

i 

7. 1 

17.7 

62.0 

7.3 

7.1 

25.7 

.57.8 

6.2 

6 7 

13.4 

♦«. 1 

4.3 

71.0 

,5.4 

18.8 

4.0 

71.0 

1.5 

19.0 

9.5 

72.8 


19.8 

.5.3 

6.4 

7.5 

67.2 

14.6 

79.7 

1.0 

16. 1 

3.2 

76.8 

1.1 

16.1 

.5.0 

75.0 

LI 

20.2 

2.0 

72.0 

1.0 

21.2 

.5.2 

6. I 

31.6 

46.8 

11.8 

6.4 

30.5 

.50.4 

9.7 

6. 1 

25. 5 

,54.9 

11. 1 

.5.7 . 

28.0 1 

51. 0 

12.0 ; 

6.3 

26 7 

.5.5,0 

9. 1 ' 

75. 0 1 

I..5 I 

10.0 ! 

2.0 ! 

78.0: 

1..5: 

17. 5 i 

2.0 1 


0 

0 



0..8 

1.1 

0. .35 

0. 24 

t) 

0 



0 

0 



1.4 

1.3 

24.2 

IL5 

1.3 

.3.6 

30 0 

13.9 

1.7 

2.9 

27.0 

13.2 


4.8 

. 13 

. (HI 

.3 

43. 5 

1.32 

. 9:1 

8.4 

5. 1 



. 6 

5.3 

4,31 

2. 6S 

2.4 

.8 



.5 

7.0 



1.7 

0 



0 

0 



0 

0 



1.9 

2.4 



0 

0 



0 

0 



0 

0 



0 

0 


t. 

2.1 

1.6 

11.2 : 

5.06 

2.0 

1.0 

10. S 

5.21 

2.1 

.3 

8.20 

1 4.02 

1.6 ; 

1.7 



2.2 1 

.7 

S.70 \ 

'i. 36 


0 



0 1 

0 
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Table 1. —The fwrcentage comjwsUion of feedstuffs used in animal feeding —Continued 
ANIMAL, MARINE, AND MILK PRODUCTS—Continued 


Feedstuff | 

Mois¬ 

ture 

i 

Ash 

Crude 

protein 

Ether 

extract 

Crude 
fiber 1 

Nitro¬ 

gen-free 

extract' 

1 

Cal¬ 

cium 

Phos¬ 

phorus 


Percent 

Percent 

Percent 

Percent 

Percent 

Percent | 

Percent 

Percent 

Milk, skim... 

yi. 1 

0.8 

3.4 

0.2 

0 

4. .5 

0. 13 

0. 10 

Milk, skim, dried. 

t 7 

8.8 

36.8 

l.O 

. 1 

49. 6 

1 34 

.99 

Milk, whole.. .. 

87. 1 

.7 

3.6 

3.7 

0 

4. 9 

. 12 

.09 

Shrimp meal. 

10.7 

33.4 

38.5 

2.6 

11.7 

3. 1 

7.71 

1.31 

Tankage, digester: 









53-.*)8 percent protein.. 

7.6 

21.8 

56.8 

10.4 

2.6 

1.9 

8.92 

4.22 

Over 58 percent protein 

6.8 

19.5 

61.6 

8.6 

1.7 

1.8 

7.07 

3. 72 

Tankage, digester with bone: 

1 








38-43 percent protein. 

6.4 

32.4 

40.0 

14.1 

3.0 

4. 1 



43*48 percent protein _ 

6.3 

31.3 

46.0 

12.6 

1.9 

2.0 



48 -63 percent protein 

5.8 

28.6 

.51.2 

10.4 

L6 

2.4 



Over 53 percent protein 

6. 2 

24. 2 

54.5 

10.3 

1.7 

3.1 

9.24 

4.15 

Tripe, raw . . . 

86. .5 

.3 

U.7 

1.2 

0 

.3 



Viscera, horse (includes blood) 

77.0 

1. 1 

19.8 

1.2 

0 

0 



Whey.. 

03. 8 

.4 

.6 

1 

0 

5.1 

.04 

.04 

Whey, drie<l . 

6.7 

10 1 

12.8 

.6 

.2 

69.6 

.73 

.66 


OUKKN FORAGES 


Alfalfa, irurnaluri*. 

Alfalfa, in bloom.. . _ 

AIsikp clover, imniatlire 
Alsike clover, in bloom. 

Harley, immature ... 

Harley, mature .. . 

Hluefcrass, Kentucky, immature 
HromoRTaf^s, immature 
Cabbage 

Canada bluegras*^, immature 
(,'orn fodder* 

Dent, immature 

Dent, mature . . . .. 

Flint, immatiin* . 

Flint, mature . 

Cowpeas-- . 

('riinson clover 
Kafir . 

Ivcspedcza, Korean, immature . 
Meadow fescue, immature 
Meatlow’ foxtail, immature 
Millet, foxtail 
Oat grass, tall, immature 
Oat'<, immature. 

Oats, mature 

Orchard grass. Immature 

Orchard grass, in bloom 

ITicklypoar 

Rape 

Red clover, immature 

Red clover, in bloom..- 

Re<l fescue, immature 

Red top, Immature 

Ree<l canary grass, immature 

Rye, immature 

Rye, mature. 

Rye grass, Italian, immature . 
Rye grass, perennial, immature 
.Sorgo .... 

Soybeans . . 

Sweetclover, immatiin* . 

Sweet corn.. . . 

Timothy, immature . - 

Timothy, in bloom . 

Wheat, immature.. 

Wheat, mature. 

White clover, immature 
White clover, wild, immature 


79. 4 

2.9 

5.2 

0.7 

77.2 

1.8 

3.2 

.6 

81. 2 

2.4 

4.9 

.6 

74. H 

2.0 

3.9 

.9 

83. \ 

i.5 

2.8 

.7 

77 1 

1. 6 

2.2 

. 5 

70. .5 

2.5 

5.0 

1.2 

77. 5 

2.9 

4.3 

.9 

W. 5 

.9 

2.4 

.3 

74. 1 

2 5 

4.3 

1.3 

79.0 

1.2 

1.7 

.5 

73. 1 

1. 5 

2.0 

.9 

79.8 

1. 1 

2.0 

.7 

77. 1 

1 1 

2. 1 

.8 

82. .5 

2.5 

3.4 

. 5 

S<V9 

1.7 

3. 1 

. 7 

73. 0 

2.0 

2.3 

7 

74. 1 

2.4 

4.6 

is 

78.8 

2.6 

4.0 

.9 

73.0 

2.8 

4.6 

1.2 

71. 1 

1.7 

3.1 

.7 

78.4 

.3.0 

4.3 

1.0 

82. 6* 

1.7 

2.9 

.7 

72. 0 

2. 1 

2.7 

.0 

78.3 

2.8 

3.4 

1.0 

73. 0 

2. 0 

j 2.6 

.9 

78.9 

4.3 

. 7 

.4 

85. 7 

2.0 

2.4 

.6 

81. 2 

2.7 

5.0 

.8 

70. 8 1 

2. 1 

4.4 

1. 1 

70. .5 

2 8 

4. 1 

.9 

76.8 1 

2.8 

4. 1 

.9 

80.7 

2.4 

3.5 

. 1 

80.8 

2.3 

4.5 1 

1. 1 

76. 6 

1.8 

2.6 

.6 

77.3 

2 5 

3.5 ; 

1.0 

75.9 

3. 0 

3.8 i 

.9 

77.3 

1 3 

1.5 

l.O 

73. 9 

1 2.0 

4.0 

1.1 

75. 3 

2.2 1 

5.3 

. 7 

79. 1 

1 3 

1.9 

.5 

74. 9 

2.3 

4. 1 

.9 

61. 6 

2. 1 

3. 1 

1 2 

82.3 

2. 1 

3.8 

.9 

68.7 

2.6 

2.4 

7 

82.0 

2. I 

4.9 

!o 

81.2 

2.2 

5.2 

.6; 


3.8 

8.0 

0.28 

0.09 

7.8 

9.4 

.39 

.07 

3. 1 

7.8 

.26 

.09 

7.4 

11.0 

.21 

.06 

3.6 

8.0 

.06 

.07 

6.4 

12.2 

.05 

.07 

7.5 

13.3 

. 15 

.13 

5.2 

9.2 

. 14 

. 10 

1.2 

4.7 

.06 

.02 

6.8 

11.0 

.11 

. 12 

5.6 

12.0 



6. 7 

15.5 



4. 3 

12. 1 



4.3 

14,6 



4.0 

7, 1 

. 18 

.05 

5.2 

8.4 

.28 

.04 

6.9 

15. 1 



5.8 

12.3 

,34 

. 11 

4.7 

9.0 

.15 

. 11 

5.6 

12.0 

.16 

. 12 

9.2 

14.2 

.09 

.05 

4.6 

8.7 

.11 

. 13 

3.3 

8.8 

.07 

.07 

7. 4 

14.9 

1 .08 

.08 

5.3 

9.2 

1 • 14 

.13 

8.2 

13.3 



2.6 

13. 1 



2.2 

7. 1 

. 

■ 


3.0 

7.3 


1 . 10 

8. 1 

13. 5 

14 

1 .07 

8.2 

13.5 

. 16 

. 13 

5.4 1 

10.0 j 

• 15 

1 . 10 

4.3 

8.4 

. 13 

. 10 

3.4 

7.9 

.10 

i .10 

11.6 1 

6.8 

.08 

.06 

5.2 ! 

10.5 

. 13 1 .12 

5. 4 1 

11.0 

. 15 ! . 12 

6.2 ! 

12.7 



76i 

10.5 

.28 

.05 

6.7 

9.8 

.26 

.07 

4. 4 

12.8 



5.4 

12.4 

. 12 

.11 

11.8 

20.2 

.13 

.05 

3.0 

7.9 

.07 

.10 

8.6 

17.0 

.06 

.08 

3.1 

1 7.3 

.23 

.09 

2.9 

’ 7.9 

.25 

. 10 
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Table 1. —The percentage composition of feedstuffs used in animal feeding—Continued 

DRIED FORAGES 



Mois- 


1 Crude 
' protein 

1 

1 Ether 

j Crude 

i Nitro- 

Cal- 

Phos- 

Feedstuff 

lure 

1 Ash 

1 extract 

i 

1 fiber 

' gen-froe 
extract 

cium 

phortis 


Percent 

Percent 

1 Percent 

Percent 

Percent 

Percent 

Percent 

Percent 

Alfalfa hay.. 

7.2 

8.0 

i 15.4 

1 1.0 

30.3 

37.5 

1.51 

0. 21 

Alfalfa-leaf meal... - 

8.5 

14.4 

I 20.9 

2.6 

15.7 

37.9 

1.42 

.25 

Alfalfa meal... 

8.2 

10.0 

15.2 

2.2 

•27.5 

36.0 

1.56 

.22 

Alfalfa meal, dehydrated. 

6.6 

10.0 

16.9 

•2.6 

25.4 

38.5 

J. 


\lfa1fA-st.em meal 

y. 1 

7.7 

11.4 

1.3 

36. 1 

34. 4 

1 


Alsike clover hay. 

Australian saltbush hay. 

Barley hay.- - - — 

Barley straw.... - 

10.5 

6.7 

15,0 

14.2 

8.8 

16.9 

6.4 

5.7 

14.4 
16.1 
6.7 
3.5 

2.5 
1.8 

1.6 
1.5 

•24.7 

21.5 

21.4 

36.0 

30. 1 
37.0 
48.9 
30.1 

! . 78 

l__ 

j 17' 

.20 

.15 




. 16 

Bermuda grass hay ... - - 

8.9 

7.9 

7.2 

1.7 

24. 9 

40. 4 

Black grama hay- - 

5.5 

7.0 

4.3 

1.3 

31.4 

50. 5 

.22 

.09 


10.9 

8.5 

6.7 

1.8 

•27.9 

44.2 



Bluegrass hay, immature- 

7.3 

7.9 

15.2 

3.0 

23.7 

419 

i .45 

.35 

Bluegrass hay, bloom 

11.9 

7.0 

9.3 

3.4 

•27.9 

40.5 

; .30 

.21 

Bluejoint grass hay - 

7.5 

6.9 

6.7 

3.0 

34. 2 

41.7 



Bromegrass hay.. 

14.0 

9.7 

9.3 

1.8 

26.0 

:i8.6 :. - ... 


Buckwheat straw. . 

9.9 

5.5 

5.2 

1.3 

43. 0 

35. 1 



Buffalo grass hay. 

0. 2 

10.8 

5.6 

1.7 

■26. 1 

49.6 



Bur-clover hay.. - 

8. 7 

12.3 

15.7 

3.0 

25. 5 

‘M.H 

i.n 

.15 

Corncobs- - 

10.7 

1.4 

2.4 

. 5 

30. I 

.54.9 



Com fodder.. 

11.8 

5.8 

7.4 

2.4 

23. 0 

49.6 



Com husks.. 

9.8 

2.9 

*2.9 

7 

30.7 

53.0 

. 


Corn leaves.... 

11.8 

8.5 

8.1 

2.2 

•24.4 

45. 0 




11. 7 

4.6 

4.8 

1.8 

32.7 

44.4 



Corn stover.. 

10.7 

6. 1 

5.7 

1.5 

30.3 

45.7 

.45 

. 10 

Cowpeahay. . 

9.7 

12.9 

17.5 

2.8 

•20.5 

36.6 

1.84 

.2.5 

Cowpea straw. 

9.7 

.5.3 

7.4 

1.3 

41. 5 

34.8 



Crabgrass hay. 

9.0 

7.9 

6.5 

2.2 

31 1 

42.3 

.33 

. 17 

Crimson clover hay . . 

9. 6 

8.6 

15.2 

2.8 

‘27.2 

36.6 

1. 18 

. 13 

Feterita fodder. .. 

13.3 

6.4 

8.7 

I.O 

21.5 

48 2 

.27 

. 19 

Field-pea hay... 

10.6 

8.3 

16.1 

2.7 

24.8 

37. 5 



Flax straw’... 

6.2 

3.8 

7.8 

2. 1 

46.9 

33. 2 



Hegarifodder.- .. 

13.5 

8.2 

6.2 

1.7 

16.7 

53.7 

.17 

. IH 

Hegari stover-- - 

15. 1 

9.7 

4.5 

J.9 

•26.6 

412 

.38 

.(H) 

Johnson grass hay-- . 

7.2 

7,2 

8.1 

2.8 

.30.4 

44.3 

■ M 

.40 

Kahr fodder-- 

9. 1 1 

i 7.8 

6,6 

2.1 

28.4 

46.0 

.31 

.05 

Kafir stover. 

12,6 ! 

! 9.0 

5,8 

1.7 

27.5 

4.3.4 

_ 


Lespedeza hay. 

Little bluestem hay. . 

7.9 ! 

; 6.2 

11.9 

2.8 

28.5 

417 

.80 

. 2.5 

8.6 

4.9 

4.0 

1.6 

35.4 1 

4.5. 5 



Meadow fescue hay —. 

11.6 

7.0 

6.6 

2.0 

31.6 ; 

41.2 



Millet hay, foxtail_ . 

7.0 

8.2 

9.2 

2.8 

•28. 0 ; 

44.8 



Millet hay, pearl or cattail- 

Xatal grass hay. . . i 

10. 1 

9.7 

9.0 

1.8 ' 

.313 . 

.37. 1 



7 /i 

4.8 

3.7 

1.4 

39. 5 ! 

43. 1 

.40 

.32 

Oatgrass, tall, hay. - . —.- 

^;i 

6.4 

9.4 

•2.7 

29.8 1 

43.6 i-. 


Oat hay_____ I 

11.8 

5. 7 

6.1 

2.4 

•27.1 

46.9 

.27 

22 

Oat straw. : 

8.1 

7.6 

4.4 

2.5 

36.2 

41.2 

.23 

!20 

Orchard grass hay, immature 

9.9 

6.0 

8.1 

2.6 

,32.4 : 

41.0 

.31 

. IK 

Orchard grass hay, mature.. 

9.9 

7.0 

6.9 

3.0 ' 

317 

40.5 


Prairie hay (Colorado, Wyoming) 

5.5 

7.2 

7.0 

2.4 

31.3 1 

46.6 



Prairie hay (Kansas, Oklahoma). . 
Prairie hay (Minnesota. South Da 

9.5 

7.5 

4.4 

2.3 , 

30.4 . 

45.9 

.55 

’ .07 

kota). ... 1 

11,6 

7.2 

6.0 

2.4 

30.3 

415 

.44 

. 11 

Red clover hay.. j 

7.0 

10.0 

16.1 1 

2.0 , 

23.6 

40.7 

1.01 ' 

. 14 

Red clover, mammoth, hay. _ 

12.2 

7.5 

12.8 

3.3 

27. 1 , 

37.1 

Red top hay...| 

8.9 

.5.2 

7.9 

1.9 

28.6 

47. .5 

.35 

. IK 

Rhodes grass hay.. ... 

8.6 

8.4 

5.3 . 

1.2 

33.4 

43. 1 

Rice straw____ , 

8.9 

13.5 

4.5 ; 

1.6 

34.0 

37.5 

. 18 , 

.0,5 

Rye hay_ ___i 

6.4 

4.7 

5.9 ! 

2.0 ' 

37.4 , 

43.6 

♦27 

.22 

Rye straw.1 

7.1 

3,2 

8.6 

6.9 

3.0 
8.6 ! 
7. 5 

1.2 1 
4.1 i 
1.7 

38.9 
•24. 5 
30.5 

46.6 

44.0 

44.0 

Rye grass, perennial, hay_ .. 

Ryegrass, Italian, hay.. . . . _ 

10.2 

8.5 

— 

.11 

Rye grass hay. 

8.3 

8.5 

6.3 1 

2.0 1 
2.4 j 

33.0 

27.4 

41.9 

46.5 



S^ge, western species... 

5.4 

6.7 

11.6 

:;■■■■ i 

. 

Slender wheatgrass.. 

Sorgo fodder.. .. 

7.5 

11.6 

5.8 

8.4 

8.7 

5.3 

8.1 

5.1 

6.6 

6.0 

9.5 

8.9 

7.4 
8.1 

7.5 

3.4 
5.8 

8.4 
6.2 
8.7 

7.8 

5.3 

9.5 

15.8 

5.7 

9.7 
16.2 

6.7 

7.5 

20.9 

5.5 

8.4 

2.1 

2.4 
1.9 
3.8 

2.5 

1.7 

2.8 
1.2 
19 
17 

17 

18 

30.8 
26.0 

26.8 
24.3 

34.6 

27.9 

25.9 

40.6 

30.2 

24.2 

33.2 

31.9 

45.2 

48.7 

1 

.27 : 
.31 , 
1.26 ! 

.15 

/Ml 

Sorgo hay.... 

SoyMan hay .. 

38.8 

41.1 

47.3 

39.5 
34.0 

46.5 

oo 

Soybean straw. 

• ^ 

Sudan pass hay . 

Sweetclover bay. 

’“ '.47 ' 
.74 

.24 

nil 

Sweetdover straw . ... 

, I In 

Timothy hay.. 

7.1 

.31 ' 
.26 


Vetch, hairy, hay. . . 

13.1 

. lo 

.30 

SaiKSKSSiSrv.:.::;:: 

9.9 

8.6 

w. 7 

415 i 
40.1 
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Table 1 .—The percentage compositon of feedstuffs used in animal feeding —Continued 

DUIKD FOttAGKS-Comirmod 


1 Mois- 

Feedstutf 1 ture 

Ash 

(’rude 

protein 

Ether 

extract 

(7 rude i Nitro- 
flber ;gen-free, 
extract 

C'bI- Phos- 
cium phorus 

j Percent 

Wheat hay . 9.6 

Wheat straw. - - ... .. 6.8 

White clover hay.. 7. 2 

Wire grass hay . .. . ' 8.5 

Percent 

4.2 

5.4 

9.4 

7.3 

Percent 

3.4 

4.3 

16.6 

6.6 

1 

Percent 

1.3 

3.4 
2.2 
1.3 

Percent. Percent 
38.1 43. 4 

36.8 i 43.3 
22.7 42.9 

:i4.6 ! 41.7 

Percent Percent 
0.14 0.15 

1.31 .28 


sn.A(JKS. KOOTH, TriiEUfi. AND BYPRODTCTS 


I ' 1 ' ' 

Alfalfa silMC. .. | 08.9 2.7 I 5.7 1.0 8.8 12.9 i i 

Alfalfa-molasses silage . 1 68.0 3.4 | 5.8 1.0 8.4 1 12.8 1 

Apple pomace . .. ' 78.0 .6l 1.3 1.2 3.7 t 14.6 ' 6.02 6.01 

Apple silage -.-. 87.6 .0 .7 .7 1. 8 1 8. 0 ■ 

Beet pulp, dried -.! 9.2 3.2 9.3 .8 ! 20.0 ; .57.5 ' .60 .06 

Beet pulp, molasses, dried.I 8.0 5.2 11.6 .7 i 16.4; 58. 1 i ..59 .09 

Carrots.. -. 88.0 1.0 1. l .4 | 1.3! 7.0;. 

(Cassava.! 6:1.8 1.4 1.0 .3 | .H ; .32 7 

Com silage. I 7:i. 8 1.7 2.1 .8 6.3 i 15.3' .08 i .08 

(’orn silage, immature . I 79.1 1.4 1.7 .8 6.0 | 11.0 ; . .. 

Com silage, mature .| 70.9: 1.4 2.4 .9 6.9. 17. 5 .- . 

Com stover silage i 80.7 1 1.8 1.8 .6 5.6] 9.5 ' 

Cowi)ea silage ... i 77.8 2. 1 3.2 .9 6.5 i 9.5, . i. 

Hegari silage.. . ' 3 3.4 2.3 .8 6.7 i 20. 5 ' .:. 

Jerusalem artichokes. ; 78.7 1.1 2.5 .2 .8 16.7 ].'. 

Mangel-wurzel_ .... .. 90.8 1.0 1.4 .2 .9 | 5.7 , .02 i .02 

Napier grass silage . * 67.5 1.8 1.2 .7 14.4 i 14.4 10 j 10 

Parsnips.-. 1 80 O 1.3 2.2 .4 1.3 1 14.8 .... 1. 

Pea-vino silage. 75. l I 1.7 3.0 .9 8. 1 ; 11.2. . 

Potatoes. .‘ 78 9 1.0 2.1 .1 .6 1 17 3 ‘ .01 ' .06 

Ued clover silage. i 72.0 2.6 4.2 1.2 8.4 j 11.6 1 . . 

Rutabagas. 88.6 1.2 1.2 .2 1.3 i 7.5; .05 .04 

Sorgo silage. . I 74.7 1.4 1.6 1.0 6.9 < 14.4 ’ .09 .04 

SoylK'an silage . 75.6 i 2.6 2.4 .8 9.6 9 0 .29 .10 

Sugar bt'OtS . . ' 78.0! l.O 1.5 .1 ' 2.9 16 5 05 06 

Sugar-beet pulp. . 90.5: .4 .9 .2 2.2 5.8 

Sunflower silage. 77.9 2.1 1.8 1.6 6.5 10 1 

Sw’oetclover silage. i 70.2 2.9 6.1 1.0 9 7 10 l 

Sweetpotatoes . 1 71.1 l.O 1.5 .4 1.3 24 7 .02 .05 

Turnips, . 90.6 .8 1.3 .2- 1 2 5 9 05 0.5 

! t ) 


T\BLE 2. The digeslihle protein and total diapstihle nutrient content of feedstuffs as 
determinetl for cattle, sheep^ and swine 
GRAINS, SEEDS, AND MILL CONc'KNTR VTES 

Digestible protein Total digo.-^Tible nutrients 

Feedstuff - - - - - — ~ — 

Cattle Sheep Swim* ('altle Sheep Swiao 


1/Vrct if Percent Percent Percent Percent Percent 


Barley. .. 

Barley feed. 

Brewers’ dried grains: 

18-23 percent protein . 
2:1-28 percent protein . 
Huckwhoat.. 

Buckwheat middlings. 

Cocoa shells. 

Coconut cake.. 

Coconut meal, old process. 

Com, shelled. 

Com bran. 

Cora chop. 

Com, ear, chop. 

Com-feed meal. 

Com-gluten feed. 

Cora>gIuten meal. 

Com-oil meal . .. 

Cottonseed, whole pressed. 

('Cottonseed feed.- 

Cottonseed hulls . 



10 0 

9. 6 

: 77.1 

! 74.3 


13 2 

14 :i 


83.3 

15. 5 

16. :i 

15 1 

i 68.3 ; 65.0 

48.5 


20. S 


;.; 71.9 



7.2 

7 '2 

L..' 62.2 

' 68.5 

25. 5 

23. S 


77. 3 : 73. 7 



2.0 


__, 55.5 




14. 1 

, 

84.9 


17.5 1 


..1 ^3.8 

1 

5.2 ! 

7.5 

7.2 

78.3 1 73.9 

: W.6 

5.2 

5.3 


59 .9 i 72 .9 

1 - . 



7. 7 


1 82.0 

4.8 

5.7 

6.2 

^.6 75. 6 : 

70.2 



7.9 

i ; i 

80.6 


M.2 


77.9 ! 



37.8 


. 78.4 



17.0 


_ 80.8 


15.1 

21.6 


57.1 64.2 



27.3 


79.7 


.5' 



35.7 24 8 
































































1072 YEARBOOK OF AGRICULTURE, 1939 

Table 2. —The di»siible protein and total digestible nutrient cont^ feedstuffs as 

determined for cattle^ sheep^ and suine —Continued 

GRAINS, SEEDS, AND MILL CONrENTRATES—Continued 


Digestible protein ' Total digestible nutrients 


Feedstuff 


Cottonseed meal: 

33-38 percent protein... 

38-43 percent protein_ 

Over 43 percent protein 
Distillers' (corn) <irie<l grain 

Feterita... . . 

Hominy feed_ 

Kafir.... 

Kafir head chops. 

Linseed meal: 

33-38 percent protein_ 

38-43 percent protein_ 

Malt sprouts. 

Mesquite beans, pods on. 

Millet, proso or hog millet... 

Milo. 

Milo head chops_ ... 

Molasses. 

Oats, grain.. 

Oat clips.. 

Oat groats, ground rolled_ 

Oat nulls. ... . . 

Oat millfeed. 

Palm-kernel cake. . 

Peanuts (shells on).. 

Peanut meal: 

38-43 percent protein. 
43-48 percent protein.. . 
Over 48 percent protein 

Rice, rough. 

Rice, bran. 

Rice hulls. 

Rice polish.. 

Rye. 

Rye feed. 

Sesame seed cake... . .. 

i^orgo.. 

Soybeans. . 

Soybean meal: 

38-43 percent protein 

4^8 percent protein _ 

Sunflower seed. 

Vel vet beans.. ... _ 

Vinegar grains... 

Wheat. 

Wheat bran.. 

Wheat, brown shorts_ 

Wheat, flour middlings_ 

Wheat, mixed feed .. 

Wheat, red dog. 

Wheat, standard middlings.. 

Wheat, white shorts. 

Wheat waste. shredde<l . 


1 Swine 

Cattle 

\Ptrctnt 

31.1 
34.0 

37.1 

Percent 

63.6 

66.7 
6?.0 





8.5 

79.7 

31.4 

36.0 




8.2 

7.6 

' 75.'9' 


57.0 

9.0 

72.3 



2.5 

58.7 

11.3 










8.6 

■ 10. 3 

.^a4 

' si.'o' 

13.4 

5.5 

36.6 

71.8 

92.3 







0.1 
12.5 

63.3 


ANIMAL, -MARINE, AND MILK PRODUCTS 


Blood meal______ 559 

.r-.. 46.’5 ii'.O 

Meat and bone scraps: 

42-48 percent protein.. 4 (j^ 3 

48-53 percent protein... . 49 q 

53-58 percent protein_ _ 54'4 

MUk, 8 klin . 3.2 ■ ‘ 3 .Y I 2 

Tankage, digested: 

53-58 percent protein.... 39 j 

Over 58 percent protein.. . 23 4 51*1 


* Crude fiber not included in calculation. 


> No fat. 
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Table 2. — The dwstihle protein and Uttal digestible nutrient content of feedstuffs as 
determined for cattle^ sheep^ and swine —Continue 


OREEN FORAGES 


Feedstufl 


Alfalfa, iiumature_ 

Barley, immature. _ 

Droinegrass, immature. . 

Cabbage.... 

Corn fodder, dent. 

Cowpeas.... 

Crimson clover..-. 

Millet, foxtail. _ . 

Prickly t>car--- 

Rape. 

Red clover, in bloom_ 

Rye.- - - 

Soybeans.. 

Sweetclover, immature 
Sweet com 
Timothy, immature 
White clover, immature 


Digestible protein iTotal digestible nutrients 


\ Perce at 
3.8 


1.1 


.3 1 

2.9' 

2.1 

3.2 


2.0 


Sheep 

Swine 

Cattle 

Sheep i Swine 

Percent 

Percent 

Percent 

11.8 

Percent Ptrcent 

ZO 


10.8 

Z9 



9.6 

Z 1 



7.2 

1.1 


11.2 

14.4 . 

Zft 


11.0 

2.4 


_ . <1. H 

! 2.1 



19.5 . 

1 .4 


12.4 

11.4 _ 

Z1 


11.2 . . 

1.9 

19.3 

- 13.0 


17.0 


4. 1 


16,0 


1.2 


1_: 1.A1 


14.3 


1 i'6 


11.2 . 


DRIED FORAGES 


Alfalfa hay 
\iralfa meal 
AIsike clover hay.. 

Australian saltbush hay 
Harley hay .. 

Hemiuda grass hay . 

Hliiegrass hay 
Hliiejoint grass hay . 

Hroinegrass hay 
HutTalo grass hay 
Hur-<*lover hay . 

< 'ornailM 
("orn fo<lder. 

Oorn husks 

< "om stover. 
i 'owjiea hay 
(’’rabgrass hay 
(>1111800 clover hay 
Field-pea hay 
Flax straw.,. 

Johnson grass hay. 

Kafir fodder 
Kafir stover 
Meadow fescue hay. 

Millet hay, pearl or cattail 
Katal grass nay.. 

Oatgrass, tall, nay 
Oat hay 
Oat straw 
Orchard grass hay 
Prairie hay (Kansas, Oklahoma) 

Prairie hay (Minnesota, South Dakota) 
Red clover hay 
Red top hay 
Rhodes grass hay 
Rice straw 

Rye grass hay, Italian 
Sorgo fodder 
Soybean hay 
Soybean straw. 

Sudan grass hay 
Sweetclover hay 
Tfanetby hay 
Vetch, hairy, hay 
Western wheatgras.** hay 
Wire grass hay 



141394 * 39 - 69 
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Table 2. —The dl 


\tMe protein and total digBStible nutrient content of feedstuffs as 
irmined for cattle^ sheep^ and swine —Continued 


SILAGES, ROOTS. TUBERS. AND BYPRODUCTS 


Feedstuff 


Alfalfa silage__-. 

Alfalfa-molasses silage.. 

Apple pomace. 

Beet pulp, dried. 

Beet pulp, molasses, dried.. . 

Carrots___ 

Cassava__ 

Corn silage.. 

Corn-stover silage.. 

Cowpea silage__ 

Mangel-wurzel. 

Napier grass silage__ 

Pea-vine silage. 

Potatoes--.. 

Red clover silage.... 

Rutabagas.. . 

Sorgo silage-- 

Soybean silage_ 

Sugar beets..... 

Sunflower silaro... 

Sweetclover silage . 

Turnips. ... 


Digestible protein 


Cattle Sheep Swine 


Percentl 

4.0 

4.0 

.3 


7.7 


Percent 

3.1 


5.3 


PeTcerU\ 


3.0 


Total digestible nutrients 


Cattle Sheep Swine 


Percent 
18.8 
18.8 I 

14.3 


9.3 


Percent\ 

13.8 


15.3 

73.9 


Percent 


70.8 


-I 


I 


.8 
.2 
1.0 
. 7 
1.9 
.7 
.3 



1.6 
i ' i.o 

4.6 

.8 


.8 


10.4 


19.6 

1.1 


17.5 

.9 


10,4 


_ 

13. 5 

.8 

..’ 6.6 


.! 14.3 

1. 6 


.9 

1.7 

.9 

17.0 

10.4 

l.O 


.4 

_: . 



13.2 

1.4 


.8; 

.1 12.6 

4.7 

. 17.6 

1.1 

. 7.8 


9.4 


Urn 1 

' 17.4' 
10.1 


6.9 


14. 3 


16.6 

17.3 

1 14.3 


9.5 


' 16.1 



20.9 

14.1 

16.2 
7.9 
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fresh buttermilk or fresh whey. . 606-607 

fresh skim milk after starting on whole 

.. 604-605 

Kram. 613-615 

gram as milk substitute__ 609 

hay..... . . 613 

limited quantities of milk with dry grain 

or dry-fed calf meal.. 608-609 

mixtures containing percentages of pro¬ 
tein. 614 

pasturage. 615 

reconstituted dried skim milk, dried 
buttermilk, or condensoil buttermilk 607-608 

silage .. 615 

whole milk____ 605-606 

milk, quantities for ration..... _ 603 

1 to 6 months, raising . 598-615 

raising on nurse cows. 606 

starting on whole milk__ 602-604 

starting without whole milk. 605 

fattening ration in creep feeding. 552-556 

newborn, feeding methods. 601-602 

vitamin B complex requirement. 542 

water- 

consumption, 3 to 24 weeks. 637 

requirement. 637-638 

weight, percentage of water. 637 

young- 

care and management... 598-601 

feeding, recommendations___ 509-511 

nutrition.. 601-511 

Cannibalism, occurrence and prevention in 

poultry___ 826 

Canning, foods— 

effect on vitamin content. 293-294 

processing methods.. 344 

Carbohydrate- 
abundant, with— 

abundant nitrogen, effect on plants_413-414 

deficient nitrogen, effect on plants. 415 

limited nitrogen supply, effect on plants. 414-415 
content of— 

foods.. 276 

milks. 606-607 

deficient, with abundant nitrogen, effect on 

plants. 413 

materials, spoilage prevention. 346 

reserve in plants, relation to fertilizers_411-412 

Carbohydrates— 

digestible, classification....153-165 

effect on- 

heat production of animals. 434-436 

wool growth.. 499-600 

function in- 

diet. 152-157 

human body.110-111 

human- 

body requirements. 13-14 

food requirement. Helen S. Mitchell152-167 

indigestible, classification.165-156 

metabolism- 

function in body. 156-157 

interrelationship with other nutrients. 167 


relation to nitrogen supplies, four types... 412-416 
requirements of dogs. 849 
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Carbohydrates—C ontinued. 
sources of heat and energy, feeding to swine. 


Page 

729- 
732 

utiJization by dogs. 847-849 

Carcass, dressed, proportion— 

of edible meat. 462-464 

to total body weight... 453-458 

Oardon, P. V.: 

Pasture and Range in Livestock Feeding. 

With W. R, Chapline, T, E. Woodward, 

E. W. McComas, and C. R. Enlow_ 925-955 

The Nutritive Value of Harvested Forages. 

With T. E. Woodward, W. H. Hosterman, 

and E. W, McComas... 956-991 

Caries, dental, prevention in children. 259 

Carotene- 

content of cattle feeds... 671 

in artificially dried hay_ -__ 999 

properties and conversion into vitamin A-. 222, 

224,225 

Quantity in feed, relation to concentrations of 

vitamin A and carotene in butterfat. 669 

relation to green color of hay_ _ _ 966 

requirements of dairy cows. 582 

source of vitamin A in milk ..... 669-673 

value in diet of cows.. . 539-541 

Carotinoids, presence in foods. 222,224,225 

Carrots— 

source of carotene. 225 

source of iron. 201 

Cary, C. A.: 

Blood Constituents. 694-698 

Milk in Nutritional Research—A Sketch of 

Progress.. 69^1-705 

The Vitamins in Milk and in Milk Produc¬ 
tion_ 668-684 

Utilization of Feed Energy and Feed Protein 

in Milk Secretion. 649-667 

Variations in the Composition of Milk. 

With P. A. Wright andE. F. Deysher. 639-648 

Casein, source. 695 

Cash expenditures for food- 

city and village families. 303-308 

farm families.;. 299-302 

__ 

digestion in, description. 424,427 

mastication habits. 422 

prehen.sive habits.. 419,420 

Cattle— 

and dual-purpose, feeding practices. W. 

H. Black. 544-565 

and dual-purpose, maintenance, proposed 

protein requirements. 526 

and dual-purpose, nutritional require¬ 
ments. W. H. Black, Bradford Knapp, 

Jr., and J. R. Douglas. 5]9'543 

average daily rations. ..-. 564-565 

calcium and phosphorus requirement in 

feeds-. 533-538 

energy requirements. 519-525 

fattening. 652-562 

feeding nay and concentrates to supple¬ 
ment pasturage- 941-942 

feeding practices, objectives.. _ 544-562 

feeding practices, summary... 56-57 

function of minerals in body_ 529-530 

growth and fattening, daily requirement 

of digestible nutrients. 524 

growth and fattening feed requirements.. 521-625 
growth and fattening, protein require¬ 
ment. 526-628 

maintenance, feed requirements_51^521 

maintenance, protein requirement. 525-526 

maturity, relation to body composition. 523-524 
mineral deficiency, correction by .supple¬ 
mentary feeding of minerals. 531-533 

mineral deficiency, symptoms_ 530-531 

mineral requirements. 529-538 

nutritional requirements, summary.54-56 

protein requirements. 525-528 

reproduction, protein requirements. 528 

summer grazing. 550-552 

vitamin requirements. 538-543 

wintering. 545-550 


Cattle—Contlnned. Page 

breeding herds, wintering. 545-648 

dairy- 

calcium and phosphorus requirements.... 632 

copper requirements. 632 

feealng essentials. 591 

feeding hay and concentrates to supple¬ 
ment pasturage.-. 939-941 

growth, feed requirements. 626-638 

growth rates. 624-626 

maintenance, energy requirements. 655 

mineral requirements.. 631-632 

nutritional requirements. 624-638 

protein requirements. 628-631 

total digestible nutrient requirements _ 626-628 

vitamin requirements__ 633-637 

young, practical feeding and nutritional 
requirements, summary. 60-63 


See al90 Cows, dairy, 
dual-purpose— 

and beef, nutritional requirements. W. H. 


Black, Bradford Knapp, Jr., and J, R. 

Douglas.. 519-543 

average dally rations. 564-565 

feeding practices, objectives... 562-563 

feeding practices, summary.. 56-57 

nutritional requirements, .summary..54-56 

feed-unit requirements per 100 pounds of gain 

in dry-lot feeding.... 558 

feeds, carotene content. 671 

fetus, daily protein requirement.. 528 

maintenance, daily requirement of total di¬ 
gestible nutrients_ 520 

night blindness, result of vitamin A de¬ 
ficiency—. 538-641 

nutrition, beef and dual-purpose, summary. 54-56 
production, economic necessity for nutri¬ 
tional information. 619 

vitamin A deficiency, symptoms. 538-541 

Cauliflow er, source of— 

copper in diet. 210 

iron in diet. 204 

Cavin, j. P.: Agricultural Programs and the 

Nutritional Goal. 396-402 

Cellulose- 

function in diet. 155 

source of heat and energy.43.5-4.36 

Cereals— 

byproducts, protein content and feed value 

1020-1022 

feeding to dogs, recommendations_ 860-861 

source of copper_ 210 

source of iron--- 201,202,203,278 

source of phosphorus. 277 

Cerium, occurrence in human body_ 220 


Cevitamic acid, commercial form of vitamin C. 236 

Chapline, W. R.: Pasture and Range in 
Livestock Feeding. With P. V. Cardon, 

T. E. Woodward, E. W. McComas, and C. 


R. Enlow. 925-9.'),5 

Chatfielp, Charlotte: Food Composition. 

With Georgian A dams.... 272-285 

Chewing in domestic animals, comparison... 422-423 
Chicken- 

conditioners, use, disadvantages. 826 

embryo, content, effect of diet. 792 

feeds, mixing ingredients, recommenda¬ 
tions. 832-833 

source of copper. 210 

Chickens— 

anti-gizzard-erosion factor in fee<l, occurrence. 825 

breeding .stock- 

diets for. recommendations_ 834 

mashes for, recommendations__ 835-836 

diarrhea, causes__ 829 

diet- 

balancing, advantages. 789 

effect on composition and value of eggs. . 806-M7 
effect on composition of egg and embryo. 701-793 

effect on batohability of eggs_ 790-791,793-798 

requirements for egg production... 804-806 

supplying nutritive elements. 820-826 

dletaiy excesses, results. 829 

diseases, causes and symptoms. 827-829 

egg eating, causes... 827 
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Chickens—Continued. Page 

embryonic mortality, time of occurrence. 799 

feed- 

cost, relation to efficiency of egg produc¬ 
tion.. 802-803 

formulas, typical, preparation. 832-837 

feeding— 

all-mash system, description and advan¬ 
tages_ 830 

grain-milk system, description and ad¬ 
vantages.. 832 

mash-grain system, description and ad¬ 
vantages_ 830-832 

mashes with grain, recommendations_ 834 

pellet system, description and advantages. 832 

practical.. 80,819-830,837-843 

feedstuffs, d igestibility...., . 842 

gizzard erosion, types. 829 

growing, diets for, recommendations___ 833-834 

growth, nutritive requirements_ 809-817,818 

laying- 

diets for, recommendations. 834 

mashes for, recommendations.. .. _ 835-836,837 

males, diet, effects... 790 

nutrition, relation to egg production. ... 799-807 

nutrillve requirements. _. 77-79,787 

reproduction- 

comparison with that of other farm ani¬ 
mals . 789 

effect of nutrition..... .. 789-799 

utilization of feed for growth, comparison 

with other breeds of poultry . _ . 810-811 

Chicks— 

antidermatosis factor— 

deficiency, symptoms.. _. 829 

in feed, occurrence.--.. - 825 

dermatosis, remedies _ . _ - - 208-269 

growing, mashes for, recommendations .. 835 

Children— 

anemia, occurrence and control - 201-203,209 

calcium- 

balance studies. _ 193 

retention__ _ . _ 193-194 

calorie requirements in terms of age and body 

weight—. -_ _ _ 104 

copper requirements— 210 

energy output_ .... 104-160 

iron requirements. _ . . 202-204 

1 to 3 years, food energy, daily allowance 

suggestions___ . _ . 172 

1 to 5 years, relative energy allowances, re¬ 
cording schedule_ . . 108 

1 to 12 years, proportion of adult basic re¬ 
quirement and basic number of calories per 

day- 107 

phosphorus requirements__.. 195-196 

vitamin Bi requirements.. 234 

vitamin C— 

daily allowance_ 255 

requirements- 240-247 

vitamin D— 

daily allowance...- 259 

requirements . .. 257-259 

Chlorine- 

occurrence in foods-- 279 

requirements of gallinaceous upland game 

Birds. 910-917 

Chlorophyll, relation to green color of hay.... 960 

Christensen, F. W., statement on research in 

animal nutrition-- 1049 

Chromium, occurrence in human body- 220 

Citrus fruit, value in diet as protective food . 380-381 
Cl\rk, Faith: Planning for Good Nutrition. 

With Hazel K. Stiebellng. 321-340 

Climate, effect on- 

nutritive value of forage crops. 901-902 

vitamin content of plant foods- 291-292 

Cobalt— 
deficiency in- 

forage crops, by States_I’. .. 1038-1039 

in livestock, causes and remedy-215-216 

occurrence in— _ 

foods..---- 979 

human body, and benefits. 216 

rennirement of dairv cattle-- 632 


Page 

Cocarboxylase, formation and function In 

human body.... _ _ 232 

Coconut oil byproducts, protein content and 

feed value.. 1020 

Cod-liver oil- 

requirements for vitamin D potency. 258,259 

source of vitamin D__ _ . 29 

Coenzymes, function in body___ 269 

Colorado, forage crops— 

cyanide excess. 1041 

iodine deficiency. 1036 

Coloring- 

green, association with vitamin A_ 222,224,225 

yellow, association with vitamin A... 222,224,225 
Colostrum- 
composition— 

and total digestible nutrients... 602 

functions, and substitutes for.. . 503-506 

value to newborn calf. ... 603 

vitamin content... 605 

vitamin A potency_ . . ... 672 

vitamin Bj content, comparison to vitamin 

Bi In later milk_ _ _ 677 

Colt- 

production, nutrient requirements for mare. 784- 

785 

See also Foal. 

Columbia University, work in calcium nutri¬ 
tion... 189-190,193 

Concentrates— 
feeding to - 

dairy cows, importance and methods... 568-570 

horses and mules.. 774-778 

mill- 

digestible protein and digestible nutrient 
content for cattle, sheep, and swine, 

determinations. 1071-1072 

percentage composition used in animal 

feeding. 1067-1068 

use as supplement for pasturage in livestock 

feeding.. 939-942 

Conference on Energy Metabolism, definition 

of terms used in studies. 435 

Consumer— 

and food grades. Marius Farioletti_ 364-372 

eating habits, need for educational program.. 401 

labels, use in food quality identification. 371 

low-income level, income-increase i>ossi- 

bilities_ 390-391 

use of grade standards._ 366-368 

Converse, 11. T.: Practical Feeding and 
Nutritional Requirements of Young Dairy 

Stock. With Josephs. Shepherd... 697-638 

Cooking, foodstuffs, effect on vitamin con¬ 
tent__-.-. 294-295 

Coons, Callie Mae: 

Food Functions and the Relation of Food to 

Health. With Lela E. Booher_ 100-123 

Present-Day Diets in the United States. 

With Hazel K.Stiebeling. 296-320 

Copper- 

association with iron in foods . 208-209 

content in milk . 646-647 

function in human body_ 9,113. 209-210 

human requirements— 

Mabel A. Dickson .197-211 

summary__ 21 

needs of women during pregnancy and lacta¬ 
tion . 2U 

occurrence in foods. 278-279 

requirement of dairy cattle . 632 

sources in foods.-. 208-209 

Corn- 

byproducts, composition and feed value- 1021 

feeding to horses and mules... 774-775 

oil meal, protein content and feed value. 1019 

stover, feed value.-. 1023 

yellow, source of vitamin A..*.. 224,225 

Corn Belt, swine production and feeding prac¬ 
tices . 726-727 

Cornell Animal Nutrition Laboratory, experi¬ 
ments with minks.— 689 

Cornell University, researches with minks, 
results. 
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Corpus luteum, extract, action on mammary 

plands....686-687 

Cottonseed- 

byproducts, protein content and feed value.. 1018- 

1010,1020 

meal- 

effect on color of eggs. .. 807 

feeding to borses and mules.775-776 

Cows— 

age at first calving, relation to butterfat pro¬ 
duction and estimated mature live weight. 622 

butterfat production, relation to age at first 

calving__ §22 

carotene requirement in diet..-.. 530-541 

dairy— 

ealcium and phosphorus assimilation, 

factors affecting... 587 

calcium requirements__ 585-686 

carotene requirements_ 582 

daily food requirements for maintenance 

and milk production_ 571 

dietary deficiencies, discussion_ 587-589 

energy requirements. 575-578 

fat requirements_ 580-581 

feeding and care, procedure_ 571-575 

feeding for intensive milk production, 

practices, summary_57-59 

feeding for intensive milk production in 

practice. Edward B. Meigs_ 566-591 

feeding CTain mixtures,___ 592-593 

feeding iodine concentrate_ 212 

feeding roughages and concentrates, meth¬ 
ods and importance_ 568-570 

health, chemical compounds necessary,. 578-587 

iodine requirements___ 587 

milk composition, variations . 62-63 

nutrition^ experiments, problems. 566-568 

pathological conditions due to dietary 

deficiencies. 690 

phosphorus requirements. 586-587 

protein requirements. 570-580 

rations, allocation, summary. 50-60 

rations, figuring. T. E. Woodward ... 502-596 

replacement problem. 597 

summer feeding. 504-595 

vitamin A requirements. 581-585 

winter feeding. 505-596 

See also Cattle, dairy. 

energy feeding standards, relation to experi¬ 
mental data. 654-656 

5 breeds, milk composition__ 641 

lactation period, phases, influence on milk 

composition. 645 

mature live weight, effect of first-calving age 622 
milk— 

and butterfat production, annual, by 

breeds hav ing official records__ 642 

secretion, utilization of feed energy and 

feed protein. 640-667 

nurse, vmue In raising calves. 606 

value of bonemeal in diet. 534 

Cozymase, constituents, function and presence 

in blood. 269 

Cream, market. State and municipal require¬ 
ments.... 360 

Crema method of making silage, description.. 1011 

Crops, fresh, feed value.1015-1016 

green- 

acids, bases, and dry matter in, comparison. 1014 

ensiling, composition before and after. 1015 

Cryptoxantnin, occurrence in foods, and con¬ 
version into vitamin A. 222,224 

Cyanides, excess in forage crops in Colorado.. 1041 
Cystine, requirements for wool production..498-499 

Dairy- 

cows. See Cows, dairy, 
products— 

source of calcium. 276 

source of phosphorus. 277 

source of riboflavin. 264 

vitamin A and carotene content.222,224 

stock- 

feeding practices. 598-624 


Dairy—Continued. Page 

stock—Continued. 

young, practical feeding and nutritional 
requirements. Joseph B. Shepherd and 

H. T. Converse. 597-638 

Daniel, Esther Peterson: 

Trace Elements.213-220 

Vitamin Content of Foods. 286-295 

Defu solution, use in making silage.1010-1011 

Dental caries, relation to diet...121-122 

Dextrins, function in diet. 155 

Deyhher, E. F.: Variations in the Composi¬ 
tion of Milk. With P. A. Wright and C. A. 

Cary.... 639-648 

Diarrhea in chickens, causes... 829 

DICKSON, Mabel A.: Iron and Copper Re¬ 
quirements. 197-211 

Diet- 

carbohydrate content.. 152 

chicken’s, effect on composition and value of 

eggs.. 806-807 

formulas, for gallinaceous upland game 

birds.-. 919 

quality, relation to family purchasing 

power. 382-384 

relation to— 

dental caries..121-122 

disease resistance.. 122-123 

function of pituitary gland. 693-694 

reproduction. Ralph W. Phillips, M. H. 

Friedman, and W. A. Turner. 476-491 

reproduction, summary. 60-52 

tables, appendix. 337-340 

value of fats. 157-158 

Dietary- 

diseases, effect of vitamin deficiencies. 701-705 

habits— 

building up, problem. 11 

national, changes.129-130 

trends.126-130 

ingredients, unidentified, effect on reproduc¬ 
tion. 490 

panaceas, for disease prevention, misleading 

claims. 143-144 

standards, present and improved, relation to 

food production requirements. 398-400 

Diots— 

adequate, relation to food selection. 384-385 

carbohydrate requirements.13-14 

contributions by different groups of foods.. 326-327 
deficient— 

and resultant diseases.104-105 

effect on feed utilization and health of farm 

animals. 438-443 

in vitamins, relation to animal fertility.. 485-487 
relation to pathological conditions in dairy 

cows.. 590 

differences among peoples.10-11 

economical fair, description. 333,334-336,337 

expensive, good, description. 333-336,339 

fat requirements.. 14-15 

four- 

proposed, money value and recommenda¬ 
tions. 334-336 

recommendations by Bureau of Home 

Economics.35-36 

good— 

and fair, daily allowances of nutrients.. 310,320 
quantities of foods per person per year— 312 

improvement, recommendations.314-815 

low-cost good, description. 332,334-336,338 

mineral requirements for reproduction_ 487-488 

moderate-cost good, description... 332,334-336,339 
nutritive value— 

and adequacy_ 308-312 

factors affecting. 329-332 

of city and village families. 302-308 

of farm families, studies. 297-302 

present-day- 

in United States. Hazel E. Stiebeling and 

Callie Mae Coons. 296-320 

in United States, statistics.316-320 

in United States, summary.83-34 

protective foods in average quantities. 327-329 

protein-deficient, quantitative or qualitative 
effect on farm animals. 438-440 
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purchasable for sums generally allotted to 
food by families of differing size and in¬ 
come- 3 g 2 

United States. 316-320 

village and urban, caloric percentage In food- 

group trends.. 128 

Digestion, in domestic animals— 

comparison. 424-429 

summary. 46-47 

Digestive- 

processes, in domestic animals. H. W. 

Schoening.. 418-430 

tract, description and function..418-419 

Dinner,Christmas, 1680 and 1939, menus. 40,373-375 

Diphtheria, control by use of vitamin O_ 263-254 

Diseases— 

deficiency, relation to lack of vitamins .. 701-705 

dietary-deficient, contributing factors_104-105 

human- 

control by use of vitamin 0. 235-236, 

238-239, 250-254 

vitamin C requirements.. 250-254 

infectious, immunity of— 

infant.. 603 

young animals_ 603 

mineral-deficient, survey... _ 536-538 

resistance to, effect of diet_ ._ ... 122-123 

Distillery byproducts, feeding to swine_ 733-734 

Dog foods, canned, contents and value _ 861-862 

Dogs— 

blacktongue— 

cause and prevention....... 30,855 

remedies.. .. 268 

similarity to pellagra__ 267 

carbohydrate utilization_ . _ 845,847-849 

digestion— 

description. 424,427 

physiology. 846-847 

disea^ due to vitamin deficiency... . 854-855 

energy requirements.. 852-853 

feed- 

deficiencies__ 868 

description and value. 856-862 

economies, recommendations . 867-868 

quantities required, recommendations.. 866-867 
feeding— 

S. R. Speelman. 856-870 

bonevS, recommendations__ 862 

cereals and cereal products, recommenda¬ 
tions.. 860-861 

meats and fish__ . . 856-859 

opinions_ . 845-846 

practices, recommendations.. 862-864 

suggestions in brief. 868 

summary... ... _82-84 

vegetables, recommendations_ 859 

mastication habits_ 422 

mineral requirements.. 853-864 

nutritional requirements— 

Imogene P. Earle. 844-855 

summary.-.81-82 

prehensive habits---419,420 

proportions of carbohydrate and fat in diet. 849 | 

protein requirements. 845,849-852 

rickets, causes and remedies. 863-854,855 

stud, feeding, recommendations.. 864 

vitamin requirements- 854-855 

water supply, recommendations_ 862 

Doitqlas, J. R.: Nutritional Requirements of 
Beef and Dual-Purpose Cattle. With W. H. 

Black and Bradford Knapp, Jr.519-643 

Drugs, transmission to cow^s milk.. 648 

Drying, foods, effect on vitamin content- 293 

Ducks, utilization of feed for growth, compari¬ 
son with other breeds of poultry.810-8U 

Dutciibb, R. a., statement on research in 
animal nutrition.. 1064 

EARI.K, Imogene P.: 

Nutritional Requirements of Dogs. 844-865 


The Nutrition of Very Young Animals. Ml-618 
The Relation of Nutrition to the Production 
of Hides and Wool. With John I. Hardy. 492-500 
Bating habits, relation to food-consumption 
programs. wl 


Egg- 

characteristics. 

composition. 

composition, effect of hen^s diet, 
formation, physiological process 
production- 

dietary requirements... 

diets for, recommendations_ 

efficiency, relation to feed cost. 

mineral requirements. 

nutritive requirements.. 

protein requirements.. 

relation to nutrition of chicken 

vitamin requirements. 

yolk- 

color, factors affecting..... 

vitamin A content_ 

“Egg-makers,’' use, disadvantages 
Eggs— 
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799- 800 
.. 800 
791-793 

800- 801 

804- 806 

.. 834 

802-803 

805- 806 
801-802 
804-805 
799-807 
.. 806 

806- 807 
222,224 

826 


composition and value, effect of chicken’s 


, 806-807 

freezing, processing methods.. . 345 

grade labeling for consumers. 369 

hatchability, effect of— 

calcium intake by hens and by pullets.... 799 

carbohydrate content of diet_ . _ 794-795 

hen’s diet- 790-791 

minerals in diet. 797-798 

protein content of diet_ ... 793-794 

vitamin content of diet__ 791,795-797 

source of— 


copper...... .. 210 

iron. 201.202.203 

riboflavin in diet.. 264 

soilage, effect of diet .. 807 

spoilage prevention.. 344-345 

storage changes. 354 

value in diet as protective food_ 380-381 

Eggshells, quality, factors affecting.. 807 

Elements— 

nutritive, sources and cycles— 

E. J. Kraus. 405-417 


summary.. 44-45 

trace. See Trace elements. 

Ellis, N. R.: 

Composition of the Principal Feedstuffs 
Used for Livestock. With W. R. Kauff¬ 
man and C. 0. Miller_ 1065-1074 

Nutritive Requirements of Swine. With 

J. n. Zeller.. 706-722 

Practices in Swine Feeding. With J. H. 

Zeller. 723-745 

Employment, relation to income distribution. 388-389 

Endocrine glands, factors affecting milk secre¬ 
tion. M. H. Friedman. 68.5-694 

Energy- 

allowances, relative, recording schedule. 168 

derivation from— 

fats.---- 14-16 

food_ 101-103.156,157 

vitamin B.... 232,234-235 

feed— 

and feeding standards. 649-666 

utilization In milk secretion. C. A. Cary. 649-667 

utilization in milk secretion, summary_63-64 

human requirements. Nancy B. Morey. 160-172 

in poultry, nutrients producing-- 820-821 

measurement by calories in diet. 15-16 

metabolism- 

function of riboflavin.... 265 

of farm animals, relation to heat-producing 

values of food constituents. 434-436 

output per kilogram of body weight per hour 

for different activities. 163 

production— 

relation to inadequate food intake and pro¬ 
tein utilization. 440-441 

relationship to food consumed. 521 

requirements— 

determination.. 162 

for wool production. 498-499 

of animals. 436-438 

of beef cattle. 619-526 

of dairy cows.. 676-578 
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requirements—continued. 

of horses and mules_ 767-769 

of swine..... 710-714,729-732 

standards, establishment.. 166-169 

variation. 162-166 

storage by plants.-. 406-467 

utilization in milk secretion, experiments 650-656 

Enlow, C. R.: Pasture and Range in Live¬ 
stock Feeding. With P. V. Cardon. W. R. 
Chapline, T. E. Woodward, and E. W. 

McComas. 925-955 

Enterokihase, function in digestion.— 429 

Enzymes— 

digestive, origin and action.. 427-429 

in foods— 

and food preservation. A. K. Balls_ 350-354 

summary. 37-38 

Erepsin, function in digestion..-. 429 

Estrin— 

action on mammary glands... 686-687 

effect of milk secretion_ ___ 688-689 

Ewes— 
feeding for— 

hothouse Iamb production. .. 751 

increased yields_ 752-753 

“flushing,** for increased yields_ .. 752 

pregnant, ration requirements__ 753 

See also Lambs; Sheep. 

Excretion, relation to weight of animals_ 437 

Exercise, effects on meat animals.. . ... ., 474-475 
Eyes— 

disease caused by deflciency of vitamin A 22t -222, 

223-224 

proper functioning, relation to vitamin A. . 3-4 

vitamin A requirement... ... 115 

Eyesight, improvement by liver in diet, 
knowledge of ancients. 221 

Families— 

city, diets, studies. 302-308 

dinerent levels, food expenditures, studies. 322-323 
differing size and income, diets purchasable 

for sums generally allotteii to food_ 382 

low-income, availability and distribution of 

food surpluses to. 394-396 

village, diets, studies. 302-308 

Family— 

purchasing power, relation to quality of 

diet . 382-384 

workingman’s, annual purchases of 58 foods, 
estimated retail value and equivalent 

farm value. 393 

Fariolbtti, Marius: 

Food Grades and the Consumer_ . .. 364-372 

The Problem of Income and Its Distribu¬ 
tion...-.. 385-392 

Farm- 

families, diets, studies.. 297-302 

feeds, substitution in rations for dairy cow.s, 

suggestions...— ... 589 

home, value as food-processing unit.. 379 

surpluses, relation to adequate diet_ 391-392 

Fat- 

content, of— 

lean moat, signiflcance. 461-462 

milks. 506-507 

distribution, aigniflcance in meat_ 460-462 

in hen's wet, relation to batchability of 

eggs.......:...- 794-795 

in milk, source. 697-698 

relation to other diet constituents_ 159-160 

requirements of dairy cows. 589-581 

F^s— ' 

content ofiXKls. 275 

contributions to diet. 327 

effects on- 

heat production of animals. 434-436 

reproduction.. 488-490 

function in human body. 109-110,158-160 

human food requirement. Jane O. Lease. 157-160 

requirements of— 

dogs. 849 

humans... 8 

livestock, limited knowledge_ 1056-1057 

sourees of heat and energy, feeding to swine. 729-732 


Fats—Continued. Page 

value in diet. 157-158 

Fattening, definition, comparison withgrowth. 526 

Fatty acids, in milk, source..... 697 

Feed- 

constituents, in hay, losses in field curing... 996 
energy— 

and feeding standards. 649-656 

in milk secretion, utilization. O. A. 

Cary... . 668-684 

flavors and odors, transmission to cow’s 

milk- 648 

protein— 

in milk secretion, utilization. C. A. 

Cary. 668-684 

sources, biological value in milk produc¬ 
tion.. 666 

Utilization— , 

by farm animals, factors affecting. Louis 

L. Madsen_ 431-449 

by farm animals, factors affecting, sum¬ 
mary.. 47-48 

by poultry for growth. 807-811 

for growth, measuring the elSciency_ 465-467 

of byproducts__ 1017-1018 

Feeding- 

areas, for game birds, size, location, and feed 909 
practical— 

methods for dairy stock_ 598-624 

young dairy stock, summary... . 60-63 

practices— 

beef and dual-purpose cattle. W. H. 

Black-- 544-565 

beef and dual-puipose cattle, summary... 56-57 
for swine. J. K. Zeller and N. R. Ellis. 723-745 
regimes, relation to types and kinds of ani¬ 
mals, suggestions for research... 1059-1064 

requirements, gallinaceous upland game 

birds, feeding practices.. 893-924 

standards, and feed energy.... 649-656 

See also Nutrition; also under specifio class 
of livestock. 

Feeds— 

calcium and phosphorus requirement. 533-538 

energy and protein utilization through milk 

secretion. C. A. Cary_ 649-667 

farm, substitution in rations for dairy cows, 

suggestions . 589 

for dairy cows, amounts required, determina¬ 
tion_ _ 570-571 

for horses and mules— 

kinds.... ... 773-780 

preparation __ 77S-779 

for swine, sources of energy and fat... 729-732 

mineral- 

content. 631-5,33 

content, percentage in substance fed_ .'>32 

miscellaneous, nutritive value— 

Earl W. McComas and Thompson E. , 

Woodward.. 1017-1026 

summary_ 93-94 

protein levels, experiments__ 662-667 

relation to specific types and kinds of ani¬ 
mals, suggestions for research_ 1059-1064 

unit requirement in production of 100 pounds 

of gain in cattle fed in dry lot. 558 

values, general problems.... 1063-1064 

digestible protein and digestible nutrient 
content for cattle, sheep, and swine, de¬ 
terminations__ 1071-1074 

percentage composition used in animal feed¬ 
ing. 1067-1071 

prin:;ipal, used for livestock, composition. 

N. R. Ellis, W. R. Rauffman, and C. O. 

Miller.. 1065-1074 

supplementary, utilization. 1025-1026 

Fertilizers— 
effects on- 

nutritional value of pastures. 936-938 

pastures, research... 952-955 

iodine, use. 212 

relation to carbohydrate reserve in plants.. 411-412 

Fetus, animal, developing, nourishment. 503 

Fish- 

feeding to dogs, recommendations. 856-859 
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liver oils, vitamin A content. 222,224 

meal, protein content and feed value. 1024 

oils, vitamin content and feed value_ 1025-1026 

source of— 

copper. 210 

iron. 204 

Fishers, characteristics and studies_ 890-891 

Florida, forage crops— 

calcium deficiency_ _ . _ 1035 

cobalt deficiency_ 1038 

copper deficiency. . 1037 

phosphorus deficiency. 1031 

Fluorine— 

and iodine. Margaret Oaminack Smiths 211-213 

body requirements.. 21-22 

excess in forage crops, by States_ 1039 

sprays, use, control for prevention of fluoro¬ 
sis _ 213 

tolerance of body for_ _ .. . . 212-213 

Fluorosis of teeth, cause, extent, and control . 212- 

213 

Foals, young- 

feeding, recommendations_ _811-512 

nutrition.. 501-509,611-612 

Food- 

absorption, by domestic animals, descrip¬ 
tion_ 429-430 

advertising- 

ethical and unethical methods... 140 

misleading, attacks on... ___ 144 

alkalizing, misleading advertising _ 142 

and life, summary. Gove Hambidge . . - 3-94 

chemical composition, data, use for calcula¬ 
tions.... 272-274 

choice, psychological factors. 135-137 

city and village family- 

supply, relation to income_ 317 

trends in food consumption, 1885-1937 313 

combination fads, uselessness__ 143 

composition- 

charlotte Chatfield and Georgian 

Adams. 272-285 

summary.30-32 

tables, items contained. 274-276 

constituents— 

for body building and repair.. 103-104 

relative heat-producing values_ 434-436 

consumption- 

city families . 318-319 

factors affecting-- 400-401 

fifty-year trends. 312-314 

relationship to energy production . .. 521 

requirements, as determinant of agricul¬ 
tural adjustment objectives- 397-398 

subsidizing. F. V. Waugh. .. 392-396 

distribution costs, relation of price to supply. 401 
energy- 

daily allowance suggestions - 172 

standards, development, history- 169-172 

expenditures— 

amounts required in good diets. 382 383 

by families.--- 322-323 

city families, 1935-36. 304,318 

village families, 1935-36. 303 

fads, facts, and fancies— 

Helen S. Mitchell. 139-144 

summary. 11-12 

functions— ^ 

and relation to health. Lela E. Booher 

and Callie Mae Coons-- 100-123 

relation to health, summary. 7-10 

grades— 

and consumer. Marius Farloletti- 364-372 

use by consumer, summary- 39 


groups— 

caloric percentage in village and urban 

dietary trends.-. 

contributions to diet. 326-327 


habits— 

changes, discussion. 

evolution... 

f ;ood, problems in teaching. 

n domestic animals, comparison.. 
old and new. Hazel K. Stiebellng 
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124-126 

137-138 

419-421 

124-130 
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habits—contin ued. 

old and new, summary_ 10-11 

possibility of change. Paul E. Howe.., 131-138 

relation to longevity__ 120-121 

trends, significance.. 128-129 

iodine content, increase, recommendations.. 212 

legends and notions, origin.. 144 

material- 

dead, storage methods . 353-355 

live, storage methods. 351-363 

micro-organisms in, and food preservation. 

Harry E. Goresline__ 341-349 

preservation- 

and enzymes in foods. A. K. Balls_ 350-354 

and micro-organisms in food. Harry E. 

Goresline. . 341-349 

relation of enzymes to, summary.. 37-38 

relation to micro-organisms, summary_36-37 

production— 

for farm family use, value and cash sav¬ 
ings . 297-301,316 

requirements, under present and improved 

dietary standards.. 398-400 

quacks, warning against.. 139-140 

relation to— 

health, and functions. Lela E. Booher 

and Callie Mae Goons... . 100-123 

human physical development.. . _. 97-99 

requirements, human— 
of earbohydrates, fats, and energy. Helen 
S. Mitchell, Jane O. Lease, and Nancy 
B. Morey.... 152-172 


summary .. 13-30 

sales in retail markets, 1920-37_ 314 

selection, relation to dietary adequacy. 384-385 

source of energy.. 101-103 

spoilage, relation to presence of micro¬ 
organisms. 36-37 

stamp plan, value in food surplus distribu¬ 
tion to low-income families. .396 

supplies, regional differences. 301-302,306-308,336 
utilization, relation to— 

phosphorus deficiency. 441-442 

vitamin deficiencies. 442-443 


Foods— 

calcium content, analysis, shortcomings . 281-282 


canned, application of brand names... _ 368 

canning- 

effect on vitam in content... 293 

for spoilage prevention.. 344 

carbohydrate content.... 275 

chemical- 


composition, variability... 273 

elements, identification by spectrograph.. 214 
commercially processed, effect on home¬ 
making skills.-.... 375-377 

cooking, effect on vitamin content.. 294-295 

decay, causes.. 350-351 

effective in prevention and cure of pellagra. 269-270 
energy-producing, relation of inadequate 

intake to protein utilization. 440-441 

fat content.. 275 

fermented, utilization of bacteria. 348-349 

for control of weight, types.. 12 

freezing- 

effect on vitamin content. 293 

for spoilage prevention.. 343-344 

frozen, prevention against spoilage. 37 

grade standards— 

commercial value. 364-366 

consumer value... 366-368 

health, fallacy_ 11-12 

homo production and farm processing, effect 

on household economy. 377-379 

Iron content, analysis- 

shortcomings. 282 

technical notes. 285 


manufacture and preservation by micro¬ 
organisms..-. 37 

marketing and production methods, need for 

more efficiency. 392-394 

micro-organisms In, and food preservation— 

Harry E. Goresline. 

summary.36-37 
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mineral- 

analyses, technical notes.. 283 

analysis, shortcomings.280-282 

content. 275-285 

moisture content. 274 

nutrients in, economical sources. 323-327 

oversupplying to farm animals, results_ 443-446 

phosphorus content, analysis, shortcomings. 282 
preservation— 

and processing, use of micro-organisms.. 346-349 

effect on vitamin content. 292-293 

production and marketing methods, need 

for more efficiency. 392-394 

protection and storage. 342-346 

protective- 

kinds and value in diet. 380-382 

studies.. 327-329 

protein content. 274-275 

quality identification, consumer-label sys¬ 
tems. 371 

riboflavin content, quantitative determina¬ 
tion.-.... 264-265 

rich in- 

copper. 208,210 

iron. 201-202,203-204,207-208 

source of— 

calcium. 276-277 

essential nutrients... 132-134 

iron. 277-278 

phosphorus.. 277 

spoilage, relation to presence of enzymes_37-38 

standardization, puipose... 364 

storage, relation to vitamin content. 202-293 

surplus- 

availability to low-income families_ 395-396 

free distribution by kinds.. . 394-395 

utilization. 394-396 

vitamin content— 

Esther Peterson Daniel. 286-295 

determination. 286-287 

discovery... 68-69 

factors affecting. 291-295 

suggestion for conserving_i. 295 

summary.32-33 

vitamin A— 

distribution. 224-225 

measurement, quantitative. 225-226 

Forage- 

composition. 1014-1015 


crops- 

growth, effect on nutritive value. 968-959 

leaves versus stems, relative nutritive 

values. 959-961 

leguminous, nutritive values.. 962-964 

nonleguminous, nutritive values. 962-964 

soiling, effect on nutritive value. 970 

yields, reduction by insect pests and dis- 

__ 965 

grasses and legumes in grazing regions_ 927-928 

mineral deflclency and excess. A. M. Hart¬ 
man__ 1027-1044 

nutritive value, factors affecting.. _ 958-066 

problems, suggestions for research. 1059-1060 

production on ranges— 
maintenance, relation to livestock pro¬ 
duction... 948-951 

types and species. 946-951 

selenium content, effects on livestock... 1040-1041 

yields, correlation with animal yields. 054-955 

Forages— 

dried- 


digestible protein and digestible nutrient 
content for cattle, sheep, and swine, de¬ 
terminations. 1078 

percentage composition used in animal 

feeding. 1070-1071 

green, digestible protein and digestible 
nutrient content for cattle, sheep, and 

swine» determinations... 1073 

green, j^oentage composition used in ani¬ 
mat iMing.. 1069 

harvested, nutritive value— 

T. E. Woodward, W. H. Hosterroan, 

■ P. V. Cardon, and E. W. McComas.. 956-991 

summary. 89-91 


Page 

Fobbes, E. B., statement on research in ani¬ 
mal nutrition . 1049 

Fowl- 

digestion in, description. 425 

prehensive habits.. 420-421 

See also Poultry; also under specific kinds. 

Foxes— 

diseases due to vitamin B deficiency. 879 

livers, vitamin A content, comparative data. 878 
silver- 

characteristics and breeding habits_ 872-873 

feed costs, reduction. 876 

feeding during reproductive period, 

recommendations. 884-885 

feeding from breeding time through lacta¬ 
tion, experiments.. 882,883 

feeding, recommendations. 883-885 

feeds and feedfng practices. 874-876 

management practices... 873-876 

mature, summer and fall maintenance, 

experiments. 880-881 

mature, summer and fall maintenance, 

recommendations. 883-884 

nutritive requirements... 876-879 

pups, summer and fall feeding, recommen¬ 
dations.. 886 

vitamin A requirements and storage_ 877-879 

vitamin B requirements.. 879 

weaned pups, summer and fall feeding, 

experiments. 881-882 

Freezing- 

eggs, processing methods. 345 

foods, effect on vitamin content. 293 

foods, processing methods. 343-344 

Friedman, M. H.— 

Endocrine Factors. 686-694 

Glands, Hormones, and Blood Constitu¬ 
ents—Their Relation to Milk Secretion.. 685-698 
Nutrition and Reproduction. With W. A. 

Turner. 482-491 

The White Rat as Contributor to Science.. 145-151 
Fruits— , 

contributions to diet. 326,327 

decay by yeasts and molds.36-37 

grade- 

labeling problems.. 369 

standards for. 367 

heat production per ton per day at several 

temperature levels. 352 

Juices, protection from yeasts and molds.. 342-343 

protection from yeasts and molds. 342 

source of— 

calcium. 276 

carotene in diet. 224-225 

copper. 210 

iron.. 201,203,208,278 

riboflavin. 264 

storage changes. 351-353 

sulfuring, effect on vitamin Bi... 232 

Funchess, M. I., statement on research in 

animal nutrition.. 1051 

Fur animals, nutrition— 

Charles E. Kellogg. 871-892 

summary.... 84-86 

research. 872,879-880 

Game birds. See Birds, game. 

Gastric juice, function in digestion. 427 

Germanium, occurrence and function in 

blood.. 220 

Gingivitis, cause and cure. 261-262 

Girls- 

calorio requirements in terms of age and 

body weight. 164 

5 to 18 years, Baldwin-Wood normal heights 

and weights. 165 

food energy, daily allowance suggestions.... 172 

1 to 60 months, height-weight averages. 166 

relative energy allowances, recording 

schedule. 168 

Glands, relation to milk secretion— 

M. H. Friedman and C. A. Cary. 685-698 

summary. 66-67 

Globulins in colostrum and blood serums, 
functions. 504,605 
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Olooose, conversion into milk sugar. 694-696 

Glycogen, function in diet.164-156 

Goats— 

Angora, feeding requirements.--. 758,760 

feeding— 

for meat production. 762 

problems. Damon A. Spencer.. 768-762 

problems, summary.74-76 

milk- 

feeding practices-- 768,76(1-761 

improvemen t through nutritionai research. 762 
See (Uso Kids. 

Goiter- 

belt, extent...-.— 212 

cause and prevention. 212 

Goresune, Harry E.: Micro-organisms in 

Foods and Food Preservation - 341-349 

Qortner, R. a., statement on research in 

animal nutrition_ _ 1064,1066,1067 

Grain- 

amounts needed for each pound of milk pro¬ 
duced, and digestible nutrients_ 393 

dry, combined with limited quantities of 

milk, feeding to dairy calves. 608-609 

feed requirement in normal growth of heifers 

up to 2 years-- 599 

feeding to dairy <»lve8_ 609,613-616 

mixtures— 

containing percentages of protein, for 

young dairy stock.- 614 

feeding to dairy cows-- 692-693 

protein content to be fed with diflerent 

roughages.. 593 

storage changes^--- 353 

Grains- 

digestible protein and digestible nutrient 
content for cattle, sheep, and swine, deter¬ 
minations. 1071-1072 

milling, effect on vitamin Bi content. 232 

miscellaneous, feeding to horses and mules. - 775 

percentage composition used in animal feed¬ 
ing. 1067-1068 

Grass- 

dried, composition and digestibility on water- 

free basis. 1001 

dry. nitrogen content. 996 

field, composition, digestibility, and digest¬ 
ible nutrients. 994 

fresh, composition and digestibility on water- 

free basis... 1001 

freshly cut, digestibility cocfiQcient_ 1000 

kiln-dried, digestibility co^cient _ 1000 

pasture, fresh and dried, chemical com¬ 
position. 999 

young, artificially dried, feed value. 1000-1001 

Grasses— 

comprising forage in grazing regions. 927-928 

nutritional value, effect of rainfall. 936 

Grazing- 

methods— 

farm pastures. 932-936 

livestock. 932-936 

practices, effect on nutritional value of 

pastures.938-939 

re^ons— 

passes and legumes comprising forage.. 927-928 

major, in United States. 926 

species, selection for nutritional values .. 935-936 

Green- 

coloring, association with vitamin A.. 222,224,225 
forages— 

digestible protein and digestible nutrient 
content for cattle, sheep, and sw'ine, 

determinations. 1073 

percentage composition used in animal 

feeding. 1069 

Grit- 

function in chicken feed, recommendations.. 826 
requirements of gallinaceous upland game 

birds. 918! 

Grouse— l 

feeding requirements. 900-903,910 

range and description. 894-896 

Growth, definition, comparison with fattening. 6261 
Gums, bleeding, cause and cure. 261-262 I 

141394“—39-74 
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Ham souring, cause.. 345-:i46 

Ham RIDGE, Gove; Food and Life—A Sum¬ 
mary... 3-C4 

Hankins, 0. G.: Growth, Fattening, and 
Meat Production. With Harry W. TOus. 460-468 
Hardy, John I.: The Relation of Nutrition 
to the Production of Hides and Wool. With 

Imogene P. Earle. 492-500 

Hart, E. B., statement on research in animal 

industry. 104fi-1047 

Hartman, A. M,: Deficient and Excess 

Minerals in Forage in United States_ 1027-1044 

Hay— 

alfalfar— 

feeding to horses and mules.770-777 

harvested, percentages of leaves at different 

nowth stages .. 960 

artificially dried- 

composition on water-free basis. 1000 

losses... 998-1001 

carotene content and protein digestibility. . 999 

clover, feeding to horses and mules.... 777 

color, relation to quality.. 976-976 

composition, digestibility, and digestible 

nutrients. 994 

curing— 

and storing, chemical changes during... 966-969 

comparison of old and new methods_ 992-993 

losses__ 992-1001 

dried, artificially, effect on nutritive value. 979-980 

drying, costs.. . 979-980 

feed- 

constituents, curing losses.. 996 

requirement in normal growth of heifers 

up to 2 years. 699 

value.. 1016-1016 

feeding to— 

dairy calves.. 613 

horses and mules. 776-778 

field-cured— 

composition on water-free basis. 1000 

effect on nutritive values. 970-976 

losses .. 993-998 

losses of dry matter and starch equivalent, 

distribution_ 994 

fresh, composition on water-free basis. 1000 

grades, relation to nutritive values... 975-979 

g rinding, effect on nutritive values.. 980-981 

arvesting methods, processing, and storing, 

effects on nutritive value.. 965-970 

leaf meals, grinding, effect on nutritive 

values.. . - .. 980-981 

legumes, leaflness, relation to quality. 976-977 

meals, ground, advantages. 980-981 

miscellaneous, feeding to horses and mules.. 777 
nutritive value- 

factors affecting. 970-981 

suggestions for research. 1063 

oat and vetch, composition, comparison with 

silage...____ - - 1014 

plants, stem texture, effect on nutritive 

value. 978-979 

production, in United States, value. 966-967 

quality- 

effect of excessive drying. 999 

factors affecting. 976 

soybean, feeding to horses and mules. 777 

spontaneous heating, effect on nutritive 

value... .. 969-970 

sun-cured, feed value, comparison with 

artificially-dried. 980 

time of cutting, relation to quality. 978 

timothy- 

feeding to horses and mules.. 776 

harvested, composition of dry matter, at 

different stages of maturity. 969 

proportion of leaves, stems, heads, and pro¬ 
tein content and different growth stages. 961 

unsound, description. 978 

use as- 

feed, limitation... 990-991 

supplement for pasturage in livestock 

^ing. 939-942 

vetch and oat, composition, comparison with 
silage. 1014 
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iraymaking— 
losses— , 

and silage losses. J. A. LeClere. 992-1016 

summary.-. 91-96 

old and new methods, data.. 993-1001 

Health- 

claims, fraudulent, detection- 14! 

foods, fallacy... -- 11-12 

Rood, relation to proper nutrition, studies. 321-336 
of farm animals— 

factors alTecting. I^ouis L. Madsen.... 431-440 
maintenance, factors affecting, summary._ 47-48 
relation to food— 

and food functions. Lela E. Booher and 

Callle Mae Coons... 100-123 

consumption and food functions, sum¬ 
mary. 7-10 

Heat- 

production per ton of fruit per day at several 

temperature levels- 352 

requirements of animals- . .. 436-438 

Heifers— 

dairy- 

cost of raising, factors affecting... 622-623 

growth and production, relation of ration 

and age at first calving- 619-023 

growth, effect of ration.. .. 620 

live weight and height, birth to 7 years ... 625 

raising_ _ 615-623 

feed requirements for normal growth - 599 

feeding- 

before and after calving .. .. - -618-619 

guides. ----- 599 

6 months to 2 years, feeding .. -615-618 

Hemeralopia, result of vitamin A deficiency 702 
HemIcellulose, function In diet. 155-156 

Hemoglobin— 

formation. - ^ 

standards for men and women. 205-206 

Hens, feeding iodine concentrate . 212 

Herbage, nutritional value, research - 952-954 

Hldes- 

nroduction, relation to nutrition— • 

John I. Hardy and Imogene P. Earle . . 492-500 

summary... . -- — 

quality, factors influencing. 494-496 

^SSljomblnations, suggestions- - 739 | 

feeding- 

hay and concentrates to supplement pas- ! 

turago... 

methods... 

practices. — ^"“745 

nutritive requirements.. 706-722 

Sre also Swine. 

Home Economics, Bureau of— 

vitamin A experiments- - - 24-2o 

vitamin A requirements project... .. 227-229 

Homemaker, modern, necessary Information- 

Mlrlam Birdseye- - 

summary_ . -.- . ^ 

Homemakers, new skills, necessity for..375-377 
Homemaking, adaptation to modern meth¬ 
ods... 372-379 

Hormones— , , . 

ovarian, influence on mammary gland de¬ 
velopment....... 

relation to milk secretion— 

M. H. Friedman and C. A. Cary._. 685-698 


summary.. 


66-61 


Horse serum, substitution for colostrum, ex- 

periments. ^ 

Horses— 

calcium requirements.-.-. 770-772 

digestton in. de^ptton.—-. 

draft, fattening for market.7W-^ 

onerey requirements.7 d7-7w 

feeding— 

hay and concentrates to supplement 

ui^?w^ conditions, methods.. 

feeds and economical feeding practices.7^788 

Idle, wintering.-.-. 

iodine requirements. 

light, fattening for market.-. Tao 
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mastication habits..... . . .. 422 

mineral requirements..... 769-770, 779-780 

Morrison’s feeding standards . 765 

nutrition— 

Earl B. Krantz and S. R. Speelman_ 763'786 

summary- - 75-77 

nutritive requirements. 764-773 

phosphorus requirements. 770-772 

prehensive habits .. 419-420 

preparation for spring work—.—. 783 

protein requirements . 764-767 

salivary secretion and swallowing habits .. 423 

, salt requirements_ - -- _ 772 

vitamin requirements.-. 773,779-780 

water requirements . .. ... . 779 

work, daily rations, suggestions._ 782 

HosTEfiMAN, W. H.r^The Nutritive Value of 
Harvested Forages. With T. E. Wood¬ 
ward, T*. V. Cardon, and E. W. McComas. 956-991 
Howb, Paul E.: 

Can Food Habits Be Changed? _131-138 

Borne Effects of Nutritional Levels. 469-475 

Human- 

food requirements, carbohydrates, fats, and 
energy. Helen S. Mitchell, Jane O. Lease, 

and Nancy B. Morey- 152-172 

nutrition. See Nutrition, human. 

Humans— 

food requirements, summary. _ 13-30 

physical development, relation to food.97-99 

Idaho, forage crops, iodine dofleiency. .... 1036 

Illinois Agricultural Exijoriment Station, 
ex[)erimonts with poultry growth and 

weights.. ... _ - - 457-158 

Income- 

distribution, problem. Marius Farioletti 385-392 
fluctuations, relation to dietary habits .. 40-44 
levels, relation to tyr>e of diets, statistics . 316-320 
national- 

distribution and maldistribution . 387-388, 

389r39a 

distribution, relation to employment.. 388-389 

size and increase, relation to diet _ 386-387 

size and distribution, relation to food con¬ 
sumption programs. 401 

Indiana Agricultural Experiment Station, in¬ 
vestigations of enzymes in hay_ . — 966 

Infants— 

copper requirements ... - .. 210 

iron requirements _ 200-202 

newborn, calcium demands. 193 

vitamin Bi requirements.. .. 234 

vitamin C-- 

daily allowance... 255 

requirements- -- 244-246 

vitamin D— 

dally allowances. 259 

requirements.... 2.57-258 

and fluorine. Margaret C’ammack Smith. 211-213 
concentrate, feeding to dairy cow and hen.. 212 

content in milk . . ..- - - - 

deficiency in forage crops, by States- 1006-1038 

function in human body- -9,113-114 

human requirements.... 21,212 

occurrence in foods.. 279-280 

requirements of— 

dairy cattle.... 

horses and mules... 772-773 

Iowa- 

Agricultural Experiment Station, experi¬ 
ments with vitamin E. ^ 

forage crops, iodine deficiency-- -1036 

Irish, Frederick W.: Vitamin D.... 265-259 

Iron- 

content of— , 

foods, analysis, shortcomings. 

foods, analysis, technical notes.. w 

milk. W7 

deficiency— , .ww, ««« 

human blood, causes and remedies.. 200-2W 

in Massachusetts.-.- 1™ 

fo^ rich in, list. 

function in human body-9.112-113,198-199 

















































































INDEX 


1155 


Iron—Continued. Page 

human requirements— 

Mabel A. Dickson... 197-211 

summary... 19-21 

needs of women during pregnancy and 

lactation.. 208 

requirements of dairy cattle... _ . 632 

utilization by copper for hemoglobin.. 209 

Jardine, JAifEs T., statement on research in 

animal nutrition. 1046 

Johnson grass, feeding to horses and mules.... 776 

Jones, D. Breesb; Protein Hequirements of 

Man. 173-186 

Joss, Edward C.: United States Meat Inspec¬ 
tion. 365-360 

Kansas, forage crops, phosphorus deficiency.. 1031 
Kauffman, w. R.i Composition of the Prin- 
c^al FeedstulTs Used for Livestock. With 

NT R. Ellis and C. 0. Miller.... 1065-1074 

Kellogg, Charles E.; Nutrition of Fur 

Animals. .. 871-892 

Kelly, Ernest: Supervision and Insiiection 

of Milk.. 360-363 

Kidney, source of riboflavin in diet_ 264 

Kids— 

feeding, recommendations_ . _61IJ-613 

young, nutrition. 501-509,512-513 

Kline, O. L.: 

The Pellma-Preventive Factor.... 266-271 

Vitamin Bi. 229-235 

Knapp, Bradford, Jr.: Nutritional Require¬ 
ments of Beef and Dual-Purpose Cattle. 

With W. H. Black and J. R. Douglas_519-543 

Krantz, Earl B.: Nutrition of Horses and 

Mules. With S. R. Speelman . 763-786 

Kraus, E. J.: Sources and Cycles of the 
Nutritive Elements. 405-417 

Lactalbumin, source. 695 

Lactase, function in digestion. 429 

Lactation- 

relation to glands, hormones, and blood 

constituents... 66-67 

See also Milk secretion. 

Lactoflavin. See Riboflavin. 

Lactoglobulin, source.. 695 

Lactose-^ 

content of milks. 606-507 

secretion, research. 694-695 

Lamb, source of copper.. 210 

Lambs— 

fattening, feed requirements__ 749-762 

feeding- 

future outlook.... 756-767 

recommendations.613-514 

hothouse, feeding.. 751-762 

young, nutrition.. 501-509,513-514 

See alto Ewes; Sheep. 

Lead, occurrence in human body, and toxicity. 220 
League of Nations— 

Health Organisation- 

recommendations of cod-liver oil dosage .. 259 

standards of energy requirements.. 166 

Technical Commission of the Health Com¬ 
mittee, report on protein require¬ 
ment...... 18,183-184 

Technical Commission on Nutrition- 

recommendation^ for iron in diet .. 204 

recommendations for mineral require¬ 
ments__-. 1® 

recommendation of calcium requirement 

for human maintenance.191,192,194 

report on standards. 166-169 

vitamin C allowance for adults. 247 

Lease, Jane O.: Fats. 157-160 

LeClerc, j. a.: Losses in Making Hay and 

Silage. 992-1016 

Legumes— 

comprising forage in grazing regions. 927-928 

forage, nutritive values...-. 

Life cycles, interrelationships. 407-408 

Light— 

hffect upon riboflavin. 262 

nf MrotAim and chloroDhyll. 222 


Page 

Linseed meal, feeding to horses and mules ... 775 

Lipase, function in digestion. 429 

Literature cited. 1075-1142 

Lithium, occurrence in human body. 219 

Liver- 

animal, value to eyesight, knowledge of 

ancients. 221 

calf- 

source of copper... 208,210 

source of iron. 201,202,208 

fish, oils, vitamin A content. 222,224 

source of riboflavin_ 264 

value in cure of i)ellagra. 268,269 

Livestock- 

breeding records . 478-479 

cobalt deficiency, causes and control.215-216 

fat requirements, limited knowledge_ 1056-1057 

feeding- 

hay and concentrates to supplement pas¬ 
turage. 937-940 

importance of composition of feedstuffs... 1065- 

1074 

management, relation to health and 

disease, suggested research. 1055-1056 

on southern forest ranges, factors affect¬ 
ing.. 951-952 

pasturage as supplement to hay and con¬ 
centrates...... 940-944 

imsture and range. P. V. Cardon, W. R. 
Chapline, T. E. Woodward, E. W. 

McComas, and C. R. Enlow. 925-955 

fertility- 

relation to diet suinmary.50-52 

studies.. 476-482 

food requirements in relation to health-.. 431-433 

genetics, relation to nutrition. 469-475 

grazing methods.. 932-935 

health and disease, relation to nutrition, 

suggested research. 1055-1056 

mineral requirements, limited knowledge.. 1057 
nutrition— 

miscellaneoiLs factors affecting. 1058-1069 

relation to health and disease, suggesteil 

research. 1065-1056 

reiiuireinents, related problems.105M052 

research needs.. 1050-1064 

what we need to know. O. K. Reed. 1045-1064 

nutritional levels, signiflcanco. 469-475 

nutritive values of range plants. 947-948 

overfeeding, results. 443-446 

pasturage, nutritive values. 934-944 

pasture and range feeding- 

suggestions for research. 1060-1062 

summary... 87-89 

principal feedstuffs used for, composition. 

N. K. Ellis, W. R. Kauffman, and C. 0. 

Miller... 1066-1074 

production, relation to maintenance of range 

forage_ . _____ 048-951 

protein requirements, limited knowledge... 1056 

reproduction and nutrition__ 482-491 

reproductive failures— 

Ralph W. Phillips. 476-482 

causes. 476-477 

causes, relative importance. 479-482 

occurrence. 478-470 

undernutrition, effects. 446-448 

vitamin requirements, limited knowl¬ 
edge .-. 1057-1068 

yields, relation to forage yields, correla¬ 
tions.-. 954-955 

young dairy, practical feeding and nutri¬ 
tional requirements. Joseph B. Shepherd 

and H. T. Converse. 507-638 

Longevity, relation to food habits.120-121 

Louisiana, forage croi)s— 

calcium deflclency. 1036 

pbovsphorus deficiency. 1031-1032 

Madsen, Louis L.: Factors Affecting Main¬ 
tenance Nutrition, Feed Utilization, and 

Health of Farm Animals. 481-449 

Magnesium, occurrence— 
and results of deficiency in animals and 

. 216 






























































































1156 


INDEX 
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in foods -.-.. 278 

Maltese, function in digestion-- 429 

Mammary gland, development.. 686-687 

Man, protein requirements, D. Breese Jones. 176-186 
Manganese- 

content of milk-- 647 

content of poultry feedstuflfs.... 841 

effect on hatchability of eggs _ 797-798 

occurrence- 

in foods .-.-. 279 

uses, and effects. 215 

requirements of— 

chickens and turkeys.816,818 

gallinaceous upland game birds-- 918' 

Mares, brood, feeding and nutritive require' 

mcnts.. ...783-784 

Marine products— 

digestible protein and digestible nutrient 
content for cattle, sheep, and swine, 

determinations... 1072 

feed value_ .. 1023,1024,1025-1026 

percentage composition used in animal 

feeding__ 1068-1069 

Martens, characteristics and studies. 890-891 

Massachusetts- 

cobalt deficiency... 1039 

forage crops, iron deficiency... 1C 

Maynard, L. A., statement on research in 

animal nutrition. 1047-1048 

McC5oma8, E. W.: 

Pasture and Range in Livestock Feeding. 

With P. V. Cardon, W. R. Chaplino, T. E. 

Woodward, and O. R. Enlow.92,5-955 

Nutritive Value of Miscellaneous Feeds. 

With Thompson E. Woodward_ 1017-1026 

The Nutritive Value of Harvested Forages. 

With T. E. Woodward, W. H. Hosterman, 

and P. V. Cardon. 956-991 

McLkstbr, James S., foreword. 2 

Meals— 

planning for nutritive values, factors affect¬ 
ing. 329-332 

plans, analysis. 134-135 

Mfeat— 

animals, inspection procedure. 357 

contributions to diet.. 326-327 

dressed, chemical composition__ 458-460 

edible- 

composition, estimation_ 467-468 

proportion in moat animals. 462-464 

exports and imports, inspection certificates. 358-359 

fat distribution, significance.. _ 460-462 

feeding to dogs, recommendations_ 856-869 

CTade labeling for consumers . 368-369 

inspection- 

administration .-. 357-359 

Federal, description. 38 

Federal, summary.. 38 

miscellaneous services.. 359 

purpose. -. 355 

scope.-.... . 366 

United States. Edward C. Joss. 355-360 

lean tiraue, fet content. 461-462 

processing plants, requirements for carrying 

out Federal inspection.....- 357 

production, relation to ffowth and fattening. 

O. Q. Hankins and Harry W. Titus— 450-468 

products, inspection procedure_ 357-358 

source of— 

copper.-. 208,210 

iron. 202,204,208,278 

phosphorus__ 277 

spoilage prevention. 345-348 

storage cnanges. 363-364 

Meios, E. B.: 

Statement on research in animal nutrition... 1052, 

1064-1066,1068 

The Feeding of Dairy Cows for Intensive 

Milk Production in Practice. 666-691 

Men— 

calcium utilization. 192 

copper requirements. 210 

energy allowances, recording schedule.168-169 

food energy, daily aUowanoe suggestions— 172 

iron requirements.- 204-206 i 


Men—Continued. Page 

phosphorus requirement. 194 

weignt averages according to height and age. lei 

Menus, analysis_ 134-136 

Mercury, occurrence in human body.219-220 

Metabolism- 

basal, of animals, studies.. 437 

copper and iron requirements, studies_ 21 

factors affecting.. 102 

human, function of vitamin Bi in. ^0 232 

Michigan- ’ 

Agricultural Experiment Station and Bureau 
of Animal Industry, meat animal experi¬ 
ments---- _ 464-466 

forage crops— 

iodine deficiency. 1030 

phosphorus deficiency_ 1032 

Micro-organisms- 

classification and action... 341-342 

function in silage formation_ ... .. 1005.1006 

in foods— 

and food preservation. Harry E. Qores- 

line.. 341-349 

summary... 30-37 

use in— 

food preservation and processing_ 37,346-349 

manufacture of milk products. 349 

wine and beer production. . 347 

Milk- - 

carbohydrate content.. 506-507 

care in home... 303 

composition— 

and feed value.. ip23-1024 

and nutritive value.. 606-608 

breed differences_ _ ... 641-642 

changes from colostrum to normal...... 646 

differences in i)eriods between milkings. .. 644 

differences of different species_ 639-641 

differentiating factors... 641-645 

effect of diet. 646 

effect of gestation and disease.. 645 

for five breeds of cows. 641 

individual differences. 644 

influence of successive phases of lactation * 

period.-.. . 645 

research--- 699-706 

variations in, P. A. Wright, E. F. Dey- 

sher. and C. A. Cary__ 639-648 

variations in different parts of udder.. . 644-646 

variations, summary_ _ .. 62-63 

constituents, minor inorganic. 646-648 

contributions to diet__ 326,327 

copper content. 646-647 

drugs in, transmission through blood stream 

of cow. 648 

energy value, relation to fat and protein con¬ 
tent. 642-644 

fat- 

content . 606-607 

content, relation to protein and energy 

values_!_ 642-644 

content, variation during milking_ 644 

source___ 697-698 

feed- 

flavors and odors, transmission through 

bloodstream. 648 

requirement in normal growth of heifers 
up to 2 years. 699 

E 08 ts% quality and nutritional value. 768,761 

uman— 

nitrogen content. 640 

qualities and comparison to cow's milk_ 639 

vitamin C content.. 244,246 

in nutritional research, a sketch of progress. 

C. A. Cary—.. 699-705 

inspection- 

maintenance of sanitation standards. .. 361-363 

value in fraud prevention__ 361 

iodine content-... 647-648 

iron content. 647 

lactose content. 606-607 

limited quantities, combined with dry grain 
or dry'fed calf meal, feeding to dairy 

calves... 608-609 

mammalian, composition. 640 

manganese content. 647 
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Milk-Continued. ‘ 

market. State and municipal requirements. 360 
mineral— 

ash, composition..... _ .. 646 

constituents.. 645-648 

content... 506,507 

nitrogen content. 640 

nutritional- 

deficiencies, source of knowledge. 703-705 

value, uniformity of standards... 360-361 

of goats, quality and nutritional value.... 758,761 
ordinances, necessity in maintenance of sani¬ 
tation standards. 361-362 

processing plants, inspection as sanitary 

measure... 362-363 

production- 

energy requirement per pound of milk.... 666 
in dairy cows, intensified by feeding prac¬ 
tices, summary.. -- 57-59 

intensive, in practice, feeding dairy cows 

for, Edward B. Meigs. 666-696 

presence of vitamins in, summary.64-66 

protein sources, arrangement according to 

value. 666 

vitamins in. C. A. Cary. 668-684 

yearly, by breeds of cows having official 

records. 642 

products— 

composition and feed value. 1024,1026 

digestible protein and digestible nutrient 
content for cattle, sheep, and swine, de¬ 
terminations. ..-.. 1072 

percentage oomi) 06 ition used in animal 

feeding. 1068-1069 

role of micro-organisms. 349 

value in calf diet. 602 

protein- 

content.-. 500,507-508 

content relation to fat and energy values.. 644 

source. 695-697 

quantities for dairy-calf ration.. 603 

i^atlon between protein, fat, and energy 

values... 643 

secretion- 

effect of glands, hormones, and blood con¬ 
stituents, summary...66-67 

effect of pituitary extracts_ 687,688-689,091 

energy-utilization, experiments. 650-656 

feed energy and feed protein in, utilization, 

summary. 63-64 

onset and maintenance, factors govern¬ 
ing. 687-691 

protein utilization. 656-667 

relation to glands, hormones, and blood 
constituents. M. H. Friedman and 

C. A. Cary.. 685-698 

utilization of feed energy and protein. 

C. A. Cary. 649-667 

See also Lactation, 
skim- 

composition and total digestible nutrients. 602 
digestible nutrients and feed value per 100 
pounds, comparison with fresh skim 

milk...!..-.. 602 

dried, reconstituted, feeding to dairy 

calves. .. 607-608 

feeding to d^ry ^ves after starting on 

whole milk. 604-605 

spofUage prevention. 345 

substitution of— 

calf meals for, in feeding dairy calves— 609-612 

grain for, in feeding dairy calves. 609 

sugar, source- -. 694-696 

supervision and inspection— 

Ernest Kelly. 360-363 

summary.-.38-39 

unknown liters, dimveries. 699-701 

value in- 

diet as protective food. 380-381 

nutritional research, progress, summary.. 68-69 

vitax^ A content. 222,224 

vitamins in— 

and in milk production. C. A. Cary... 668-684 

summary.64-66 

whole— _ 

AnmYVMitl/Mi aiiH tntj&l lUffimtlblA nntrifiiits. 602 
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whole—continued. 

digestible nutrients and feed value per lOO 
I)ounds, comparison with fresh skim 

milk. 602 

elimination from starting ration of dairy 

calves. 605 

later feed of dairy calves, impracticabil¬ 
ity... 605-606 

value in first feeding of dairy calves. 602-604 

zinc content. 647 

Miller, C. O.: Composition of the Principal 
Feedstuffs Used for Livestock. With N. R. 

Ellis and W. R. Kauffman.. 1065-1074 

Mineral-supplement mixtures, for horses and 

mules, recommendations. 779-780 

Minerals- ‘ 

content of— 

feeds- 631-533 

foods.... - 275-285 

foods, analyses, technical notes. 283 

foods, analysis, shortcomings. 280-282 

milks- 506,507^645-648 

plMts... 408-410 

deficiency in— 

diet, misleading advertising. 142 

rations, effect on cattle_ 530-531 

effect on hatchability of eggs... 797-798 

functions in- 

animal body.... 529-530 

human body... 8-10,111-115 

human requirements. 187-220 

In forage- 

deficiency and excess. A. M. Hart¬ 
man. 1027-1044 

key list of correspondents.. 1042-1044 

In poultry diet, nature and value_ 822-823 

needs of man— 

Henry C. Sherman, Mabel A. Dickson, 
Margaret Cammack Smith, and Esther 

Peterson Daniel. 187-220 

summary.... . 18-21 

nutritionally essentia], deficiencies by 

States. 1031-1042 

requirements of— 

animal reproduction.___ 487-488 

beef cattle.. 629-638 

dairy cattle- . 585-589,631-632 

dogs_ 853-854 

egg production... 806-806 

gallinaceous upland gamebirds.016-918 

horses.__ 769-770,779-780 

livestock, limited knowledge. . 1067 

mules... 769-770,779-780 

poultry... 814-816 

swine__ 718-720 

i trace elements, identification, occurrence, 

and effects.213-220 

Minks— 

characteristics..._ 886-886 

diets used in metabolism studies. 888 

digestion trials at Cornell University, re* 

ftiiltfi ftftA-fiflQ 

feeding, recommendations. 800 

vitamin A reserve.. 886 

Minnesota- 

Agricultural Experiment Station, silage 

experiments. 658 

forage crops— 

iodine deficiency—. 1036 

phosphorus deficiency. 1032 

Mitchell, H. H., statement on research In 

animal industry.. 1049,1050-1061 

Mitchell, Helen S.: 

Carbohydrates. 152-157 

Food Fads, Facts, and Fancies .. 139-144 

Moisture- 

effect on quality of silages.. 985-987 

effect on yield and nutritive value of grasses 935 
Molasses— 

addition to silage, purpose. 988 

use in making silage.646-547,1010 

Molds— 

cause of organic decomposition.341-342 

growth- 

in enn. nreventive methods. 344-845 




































































































1158 


INDEX 


Molds—Continued. Page 

growth-continued. 

in fruit juices, preventive measures. 342 

on fruits, preventive measures... 342 

on vegetanles, prevent ive measures. 343 

Molybdenum, occurrence in human body.... 220 

Montana, forage crops— 

iodine deficiency.. 1036 

phosphorus deficiency.. 1033 

Moasr, Nancy B.: Energy Requirements. 160-172 
Morrison, F. B., statement on research in 

animal industry. 1047 

Mules— 

calcium requirements.. . 770-772 

energy requirements.. 767-769 

feeding under work conditions, methods.. 780-781 

feeds and economical feeding praetk*es_ 773-786 

idle, wintering. 782-783 

iodine requirements. 772-773 

mineral requirements. 769-770, 779-780 

nutrition— 

Earl B. Krantzand S. R. Speelman.. . 763-786 

summary. 75-77 

nutritive requirements. 764-773 

phosphorus requirements. _ 770-772 

preparation for spring work. 783 

protein requirements... ___ .. 764-767 

salt requirements.. .. 772 

vitainin requirements.. 773, 779-780 

water requirements. 779 

work, daily rations, suggestions. 782 

Nebraska, forage crops— 

calcium deficiency... 1036 

iodine deficiency... 1037 

phosphorus deficiency. 1033 

selenium excess.... 1039 

Nelson, E. M.: Vitamin E.2.‘»9-261 

Nervous system, influence on lactation. 690 

Nestler, Ralph B.: Feeding Requirements 
of Gallinaceous Upland Game Birds .. . 893-024 

Nevada, forage crops— 

iodine deficiency... 1037 

phosphorus deficiency.. 1033 

New Mexico— 

Agricultural Experiment Station, feeding 

experiments. 548 

forage crops, phosphorus deficiency. _ 1033 

New York Association for Improving the Con¬ 
dition of the Poor, work in calcium nutri¬ 
tion_ 189-190.193 

New Zealand, livestock disease caused by co¬ 
balt deficiency, and control ..215-216 

Nickel, occurrence in human body__ 219 

Nicotinic acid— 
amide— 

efficacy in cure of pellagra.. 269.271 

remedy for blacktongue of dogs.. 268 

efficacy in treatment of pellagra. 267 

function in¬ 
human body.. 119 

control of pellagra. 268 -269 

sources and value in control of pellagra. 291 

Night blindness, cause and control_ 223,228-227 

Nitrogen- 

content of dried grass-- 996 

supplies, carbohydrate relationships, types. 412-415 

value in plant fertilizers. 412 

North Dakota, forage crops— 

iodine deficiency- 1037 

phosphorus deficiency. 1033-1034 

Nucleinase, function in digestion__ 429 

Nutrients— 
disgestible, daily- 

maintenance requirement of cattle. 520 

requirement for growth and fattening of 

beef cattle. 524 

essential- 

food sources. 132-134 

requirements of swine.. 708-?22 

lacking in plants, cause and effects. 410 

Nutrition- 


adequate. relation to agricultural surplus. 391-392 
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and reproduction. M. H. Friedman and 

W. A. Turner.. 482-491 

animal...... 405-1142 

better, national goal, summary. 40-44 

birds, upland game, gallinaceous, require¬ 
ments, summary.. 86-87 

cattle, beef and dual-purt)ose, requirements— 

W. H. Black, Bradford Knapp, Jr., and J. 

R. Douglas. 519-543 

summary... 64-56 

cattle, dairy, requirements.... 624-638 

dairy stock, young, requirements— 
practical feeding. Joseph B. Shepherd 

and H. T. Converse.. 597-638 

summary___ 60-63 

dogs, requirements, summary_81-82 

fads and frauds, scope. 140-144 

fur animals, summary_ 84-86 

good, planning— 

Hazel K. Stlebeling and Faith Clark_ 321-340 

summary.. 34-36 

horses— 

and mules. Earl B. Krantz and S. R. 

Siieelman_____ __ 763-786 

summary_ 75-77 

human.. . _ 97-402 

human- 

calcium and phosphorus requirements. 

Henry C. Sherman_ 187-197 

development from tradition to a science. 

Louise Stanley_ .. ... .. _97-99 

development from tradition to a science, 

summary__ _ 6-7 

improvement as national goal. Hazel K. 
Stlebeling, Marius Farioletti, F. V. 

Waugh, and J. P. Cavin.. 380-402 

livestock. See Livestock, nutrition, 
maintenance — 

by farm animals, factors affecting. Louis 

L. Madsen. 431-449 

essential to vital functions. 433-443 

of farm animals, factors affecting.47-48 

mules, summary.. 7^77 

national level, improvement problem. 

Hazel K. Stiebeling.. 380-385 

plane- 

effect on wool fiber.. 496-497 

relation to reproduction .. 482-485 

poultry, practical requirements- 

Harry W. Titus__ 787-818 

summary..... 77-79 

relation to production of hides and wool— 

John 1. Hardy and Imogene P. Earle... 492-500 

summary. 52 

science of— 

development from tradition. Louise Stan¬ 
ley...__ 97-99 

value and importance. . 3-5 

sheep requirements.___ 746-749 

swine, requirements— 

N. R. Ellis and J. H. Zeller.. 706-722 

summary. 69-70 

very young animals— 

Imogene P. Earle.. 501-518 

summary.. 52-54 

vitamin C, state of, judging. 239-242 

vitamin requirements.. 23-30 

See also Feeding. 

Nutritional— 

deficiencies, in milk, source of knowledge. 703-705 
goal- 

attainment, role of agriculture. 400-402 

relation to ly^icultural adjustment pro¬ 
grams. J. P. Cavin.. 396-402 

levels, some effects. Paul £. Howe. 469-476 

research, value of milk, a sketch of progress. 

C.A.Gary..... 699-706 

Nutrive elements, sources and cycles— 

E.J. Kraus... 405-417 

summary... 44-45 

Nuts— 

byproducts, feed value.1018-1023 

source of— 

phosphorus. 277 

protein in feeds...1018-1023 
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feeding to horses and mules. 774 

in hay and silage, comparative composition.. 1014 
Ohio Afljicultural Experiment Station, feeding 

expenments__ 560 

Oilseed byproducts, protein content and feed 

value.1018,1019 

Orange Juice, source of— 

iron. 201,202 

vitamin 0. 240,246,248 

Oranges, source of carotene. 225 

Oregon, forage crops— 

iodine deficiency. 1037-1038 

phosphorus deficiency.1. 1034 

Ox- 

digestion in, description... 424,427 

mastication habits. 422-423 

prehensive habits....419-420 

salivary secretion and swallowing habits. 423 

Oysters, source of— 

copper. 208,210 

iron.. 204 

Palmer, L. S., statement on research in ani¬ 
mal nutrition_ 1048-1049 

Pancreatic Juice, function in digestion.. 427 

Partridges— 

feeding requirements... 900,902,910 

range and description. 895-896 

Pasteurization, milk, for spoilage prevention.. 345 

Pasteurizing plants, milk, inspection as sani¬ 
tary measure. 362-363 

Pasturage- 

feeding to dairy calves.. 615 

nutritive value to livestock... 935-944 

use to supplement hay and concentrates in 

livestock feeding. 942-944 

Pasture- 

feeding, suggestions for research. 1060-1061 

in livestock feeding— 

P. V. Cardon, W. R. Chapllne, T. K, 
Woodward, E. W. McComas, and C. R. 

Enlow. 925-965 

summary. 87-89 

Pastures— 

distinction from ranges. 926-929 

effects of soil and fertilizers on, research_ 952-955 

farm— 

econonic importance and major uses_ 929-930 

for livestock.. 929-944 

kinds, classification. 930-932 

management, effect on nutritional value... 935-939 
nutritive value, influence of— 

management practices. 935-939 

physical factors.. 935 

permanent, temporary, and supplemental 

scheme... 932 

use by horses and mules as supplementary 

feed-.-.- 778 

value in swine production...— 741-742 

Pea-cannery waste, protein content and feed 
use. 1020 

Peaches, source of carotene. 225 

Peanut byproducts, protein content and feed 

value.—.-.-.- 1019 

Peas, source of iron.. 201,202 

Pellagra- 
cause and— 

geographical extent. 266-267 

prevention..-. 30 

control by foods containing nicotinic acid... 291 

prevention and cure. 269-271 

preventive factor— 

0. L. KUne.-.26fi-271 

research.-..702-703 

relation to diet deficiency.-.- 119 

similarity to blacktongue in dogs. 267 

symptoms... 267-268 

Pepsin, function in digestion. 427 

Peroeis— 

cause and symptoms in poultry. 820 

in chickens, cause. 797 

Pheasant chicks, feeding practices.. 906-907,921-922 
Pheasants— 

feeding requirements. 900,902,903,909-911,924 

range and description.- 896 


Page 

Phillips, Ralph W.: Reproddctive Failures 

in Livestock. 476-482 

Phosphoric acid, combination with vitamin Bi 232 
Phosphorus- 
adult needs— 

comparison with calcium requirements. 194-197 

for normal maintenance. 194-195 

assimilation in- 

dairy cows, factors affecting. 567 

humans, function of vitamin D.T 193 

balance studies with children.’ ’ 196 

content of— 

foods, analysis, shortcomings. 282 

poultry feedstuffs. 841 

deficiency— . 

in forage crops, by States. 1031-1035 

relation to food utilization. 441-442 

foods rich in, list.”..1"'* 277 

function in human body_’”1.9, ill-112 

human requirements. 19 , 194^197 

metabolism, role of vitamin D..I..”11.255-266 
needs of women during pregnancy fmd 'lacta- 

.-. 196 

requirement, source in feeds. 533-538 

requirements— 

for growing and fattening steers. 537 

of chickens. 814,818 

of children. 195-196 

of dairy cattle. 631-632 

of dairy cows.. 586-587 

of gallinaceous upland game birds... .1 917-918 

of growing turkeys. 814 ,818 

of horses and mules .. 770-772 

of human nutrition. Henry O. Bhermanil 187-197 
Pigeon- 

digestion in, description. 425 

milk, composition. .425-427 

prehensive habits. 1 . 42 i 

Pigments, yellow, association with vitamin A 222, 

Pigs- 

body composition, relation to nutritional 

Doeds. 707-708 

breeding, special feeding practices. 743 

digestion in, description. 424,427 

feeding— 

during gestation period. 743-744 

recommendations__ " 514-516 

growth and fattening, special feeding prac¬ 
tices. 749-743 

mastication habits.. 422 

prehensive habits.”419-420 

salivary secretion, description.423 

suckling, special feeding practices..' ” 742 

young, nutrition. 501-509,514-616 

Pituitary- 
extracts— 

effect on milk production. 687,688-689,691 

milk-stimulating, relation to other body 

processes. 691-693 

gland, function, relation to diet. 693-694 

Plant- 
foods— 

degree of maturity, relation to vitamin 

content.. 292 

preservation and storage, effect on vitamin 

content. 292-298 

species, principal, in United States. 926 

tops, care and management.410-411 

varieties, effect on vitamin content. 291-292 

Plants— 

capacity for absorbing and utilizing mineral 

nutrients.410-411 

carbohydrate reserves, relation to fertilizers. 411- 

412 

growth and development, mineral elements 

necessary.1. 400-410 

mineral content. 406-410 

nutritive values, dependence on water sup¬ 
ply—. no 

poisonous to sheep, kinds. 756 

^^e^^s of soil amendments. 952-954 

nutritive value to livestook. 947-948 
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Plants—Continued. Page 

storage of, energy processes.. 408-407 

vitamin content, effects of varietal differ¬ 
ences, soil, and climate... 291-292 

Polyneuritis, symptoms, cause, and cure. 231 

Polypeptides, function in synthesis of body 
proteins__-__ --- 695-696 

products, quality, relation to feeds- 732-733 

soft, causes__ _- - - 732-^ 

Potassium, occurrence in foods.. 278 

Potatoes, source of iron.. 202 

Poultry— 

conditioners, use, disadvantages. 828 

contributions to human diet........ 326-327 

fattening, nutritive requirements_ 817-818 

feeding- 

management, recommendations. 837-838 

practical, summary--. _ 79-81 

sAstoms, description and recommendations. 829*832 
feedstuffs— 

calcium content.. 841 

composition, analysis.... 839-840 

digestibility in chicken....- 842 

manganese content__ 841 

phosphorus coutent. 841 

vitamin content.. 842-843, 

growth, nutritive requirements_ 807-817,818 

houses, lighting, rocommendatioqs_ 839 

mineral requirements.814-816 

nutritive requirements, practical— 

Harry W. Titus. 787-818 

summary.. 77-79 

practical feeding. Harry W. Titus_819-842 

vices, causes and prevention... 826-827 

vitamin requirements_ ... 816-817,818 

water supply, recommendations. 825-826 

See aUo Fowl; also under specific kinds. 

Prolactin, effect on milk secretion. 692,693 

Protein- 

absorption by suckling animals. 508 

concentrates, requirements of gallinaceous 

upland game birds..913-914 

content of— 

food.s... 274-275 

milks. 506,507-508 

deficiency— 

in diet, prevalence.. 184-185 

quantitative or qualitative effect on farm 

animals. 438-440 

definition. 176 

digestibility— 

differences.178-179 

in artificially dried hay. 999 

effect on— 

hatchability of eggs. 793-794 

heat production of animals... 434-436 

reproduction... ... ... ... 488-490 

feed, utilization in milk secretion- 

G. A. Cary,...... 649-667 

summary.__ _ . 63-64. 

feeding to swine_ 734-736 

function in human body. 107-109,173-175 

high content in diet, effects- . 186-188 

human requirements. 8.17-18..173-186 

in milk, source.. 695-697 

in poultry diets, nature and value. 821-822 

levels, in feeds, experiments.. 662-667 

of plant origin, effect on chick embryonic 

mortality. 799 

percentages in grain mixtures for young dairy 

stock...- 614 

quantitative requirement in human diet.. 180-182 
requirements of— 

animals. 436-438 

beef cattle. 625-528 

chickens.811-814 

dairy cows. 579-580 

dogs..'. 845,849-862 

egg production. 804-806 

horses and mules. 764-767 

livestock, limited knowledge. 1056 

man. D. Breese Jones.173-186 

swine.716-718 

turke^.- 814,818 

wool production. 498-499 


Protein—Continued. 


Page 

--- 436 

ip. 179-180 


in milk secretion.... 666-667 

relation of inadequate food intake to 

energy production. 440-441 

variation in nutritive value.175-178 

Prunes, source of iron.. 201,202 

Pullets— 

adaptation to protein diet, relation to hatch- 

ability of eggs. 798 

age, effect on hatchability of eggs... 798-799 

economic maintenance requirements. 801 

Puppies— 

feeding, recommendations. 616- 

518,867-859,864-866 

young, nutrition. 601-509,516-618 

Purchasing power, relation to employment 

and income distribution... 389-390 

Pyorrhea, cause and cure.. 251-252 

Quail- 

chicks, feeding practices. 923-924 

feeding requirements. 900,902-906,909,910 

range and description_ 896-896 

Kabbits, domestic, feeding. 891-892 

Rainfall, effect on yield and nutritive value of 

grasses. 936 

Range- 

areas, extent, and description. 944-952 

distinction from farm pastures. 926-927 

feeding— 

of livestock, summary. 87-89 

suggestions for research_ 1061-1062 

forage- 

maintenance, relation to livestock pro¬ 
duction. 948-961 

production, types and species. 946-947 

forest, southern, management requirements 

for livestock grazing. 951-952 

in livestock feeding. P. V. Oardon, W. R. 
ChapUne, T. E. Woodward, E. W.* 

McComas, and C. R. Enlow. 926-955 

major uses...... 945 

western, extent and significance. 944 

Rat- 

experimental v^alue...145-161 

white— 

as contributor to science. M. H. riedman.. 146-161 

place in science, summary..12-13 

Rations— 

allotment to dairy cows, summary__69-60 

fattening, for steers.. 549-550, 658-662 

for— 

brood mares, requirements. 783-784 

dairy cows, amounts required, determina* 

tion... 570-671 

dairy cows, figuring. T. E. Woodward- 592-696 

dairy heifers, effect on growth. 620 

fattening lambs, types__ 760-762 

mineral-deficient, effect on cattle. 630-531 

requirements for— 

pregnant ewes. 763 

range sheep. 764-766 

selection for— 

horses and mules. 781-782 

swine. 736-738 

special, for swine. 742-744 

tyi^ fed to milk goats. 768-761 

w^l-balanced, for swine, requirements_ 708-720 

See also Feeds. 

Reed, 0. E.: What We Need to Know in 

Livestock Nutrition.___ 1046-1064 

Rennin, function in digestion_ 427 

Reproduction— 

and nutrition. M. H. Friedman and W. A. 

Turner. 482-491 

dietary requirements, exceptions. 490-491 

foilures fn livestock. Ralph W. Phiilips.. 476-482 

fat and protein-requirements.. 488-490 

mineral requirements.-. 487-488 

relation to— 

diet. Ralph W. Phillips, M. H. Fried¬ 
man and W. A. Turner. 476-499 
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Reproduction—’Continued. Page 

relation to—continued. 

diet, summary .. d(h52 

plane of nutrition... 482-486 

vitam in requirements.. 486-487 

Research, animal nutrition, needs.... 1050-1064 

Rheumatic fever, control by use of vitamin C. 253 

Riboflavin— 

Lela K. Booher- 261-266 

chemical nature. 266-266 

concentration in milk.. 676-678 

content of— 

cow’s colostrum, comparison with later milk. 505 

foods, quantitative determination. 264-265 

deflciency— 

effects.—.—.29-30 

symptoms in man. 265 

symptoms in rats. 262 

derivation of term. 261 

discovery.. 261-262 

distribution in foods... 264 

effect on hatchability of eggs. 791,796-797 

function in human body_ 265 

in eggs, effect on hen's diet..... 792 

properties_ 262-264 

requirements of growing— 

cnickens-. 817,818 

turkeys__ 817,818 

sources in foods_ 290 

See also Vitamin Bi; Vitamin G. 

Rice- 

byproducts, composition and feed value_ 1021 

polishing, effect on vitamin Bi content. 232 

Rickets— 

cause and control_ _ 250,257-258 

in animals, experimental cause.. 219 

in chickens, causes and symptoms.. 827 

result of vitamin T> deficiency. 702 

Roots— 

digestible protein and digestible nutrient 
content for cattle, sheep, and swine, de* 

terminations. 1074 

feed value. 1024-1025 

percentage composition used in animal feed* 

ing..-.. 1071 

Roughages— 
feeding to— 

dairy cows, importance and methods.568-570 

horses and mules_ 776-778 

miscellaneous, feeding to horses and mules 777-778 

Roup, of chickens, cause and symptoms.. 827 

Rubidium, occurrence in human body_ 219 

Ruminants— 

digestion in, description_ 424,427 

mastication habits_ 422-423 

salivary secretion and swallowing habits.... 423 


Salivary secretion, in domestic animals, com¬ 


parison..... 423-424 

Salt- 

excess in diet of chickens, effects .. 829 

iodized, use in goiter belt.. 212 

requirements for— 

aaify cattle.-- - 631 

horses and mules... 772 

Samarani method of making silage, descrip¬ 
tion.—-- - 1011 

Savings accounts, idle, need for redistribution 

of incomes..-_ 389-390 

SCHOENINO, H. W.: The Digestive Processes 

in Domestic Animals..418-430 

Science— 

contribution of white rat to. M. H. Fried¬ 
man. 145-151 

debt to white rat, summary..12-13 


result of vitamin C deflciency- 702 

symptoms and cause.—. 236 


Sea food— 


source of— 

calcium.-. 276 

iodine... 212 

iron.-.. 278 

phosphorus. 277 

valiiA In HInf ranommATldAtions _ 203.204.207.210 


Seeds— Page 

byproducts, feed value.1018-1023 

digestible protein and digestible nutrient 
content for cattle, sheep, and swine, de¬ 
terminations.. 1071-1072 

requirements of gallinaceous upland game 

birds. 911-912 

percentage composition used in animal feed¬ 
ing. . 1067-1068 

source of protein in feeds. 1018-1023 

Selenium- 

damage to animals and occurrence in foods.. 218 

effect on hatchability of eggs. 798 

excess in forage crops, by States.. 1039-1040 

In forage, effects onllvestock.. 1040-1041 

Serum, blood, of dam, feeding as substitute for 

colostrum... 505-506,509 

Sheep- 

digestion in, description. 424,427 

feeding- 

future outlook_ 766-757 

hay and concentrates to supplement pas¬ 
turage.. 942 

in farm flocks_ 762-763 

problems. Damon A. Spencer. 746-757 

problems, summary .. 72-74 

grazing habits..... 746 -749 

mastication habits...... 422-423 

nutriti V e requirements... 746-767 

prehensive habits... 419-420 

range, feeding- 

on poisonous plants, problems_ 766 

requirements ___ 754-766 

serum, substitution for colostrum, experiments. 506 
See also Ewes; Lambs. 

Shellfish, source of— 

copper.-. 210 

iron...-. 204 

SuEFHEHO, Joseph B.: Practical Feeding and 
Nutritional R^uirements of Young Dairy 

Stock. With II. T. Converse. 597-638 

Sherman, liRNRr C.; Calcium and Phos¬ 


phorus Requirements of Human Nutrition. 187-197 
Silage— 

acid-brown, feed constituents, losses and 


gains....- . 1009 

acidity, causes and effects on nutritive 

values..-. ... -- - 983-984 

acids, bases, and dry matter In, comparison 

with green crops....- 1014 

chemical- 

changes .-... 1013-1014 

comiwsitiou, factors affecting... 982-983 

chopping, purpose and methods used .. 089-990 

clamp, formation.— —. 1007 

composition.___ 1014-1015 

curing losvses.... 1001-1016 

digestible protein and digestible nutrient 
content for cattle, sheep, and swine, deter¬ 
minations.. 1074 

drainage losses. 1012-1013 

early experiments. 1004-1006 

effect of acidity.. 1011-1012 

feed- 

constituents, losses or gains. 1008 

constituents, recovery. 1007 

value.-__1016-1016 

feeding to— 

dairy calves.. 615 

horses and mules..-.i. 778 

formation— 

comparison of losses by different methods. 1013 

methods. 1009-1011 

theory. 1005-1006 

forms, effect of type of silo. 1006-1009 

green fruity, fe^ constituents, losses and 

gains. 1009 

kinds— 

dry-matter and carbohydrate losses. 1009 

feed value, and chemical composition. 1002-1004 

losses— 

and feed values, data. 1004-1016 

and haymaking losses. J. A. LeClerc. 992-1016 

summary.91-93 

making- 

methods. 987-990 
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Sllag^Contlnucd. 
maklDg—continued. 

with molasses... 546-547 

moisture content, effect on nutritive value. 085-987 
nutritive value- 

factors affecting.... 981-900 

suggestion for research... 1063 

oat and vetch, composition, comparison with 

hay.-. 1014 

partial drying, effects on quality and odor.. 989 
percentage composition used in animal feed¬ 
ing. 1071 

quality, factors affecting. 983-087. 

stack, formation. 1006-1007. 

temperature, effect on nutritive value. 985i 

tower, formation. 1007-1009 

trench, formation. 1006-1007 

use as feed, limitations. 990-991 

Silicon, occurrence in soil, plants, and human 

tissues. 220 

Silos— 

history... 1001-1002. 

types, effect on form of silage.. 1006-1009- 

utilization, factors affecting nutritive values 

in silage. 981-990 

Silver, occurrence in human body. 219' 

Skins, animal- 

structure, description. 493-494* 

utilization and economic value. 492-493! 

Slaughterhouses, requirements for carrying out < 

Federal inspection... 357 

Smith, Maroabet Cammack: Iodine and 

Fluorine.. . 211-213 

Smith, Sybil L.: Vitamin 0. 235-265 

Sodium- 

chloride, requirements for horses and mules.. 772 

occurrence in foods.. 278 

requirements of gallinaceous upland game 

birds.916-917 

Soil- 

amendments, effects on range plants. 952-954 

effect on- 

nutritive value of forage crops.. _ 962 

pastures, research. 952-955 

vitamin content of foods. 291-292 

South, swine production and feeding prac¬ 
tices. 727-728 

South Dakota, forage crops, selenium excess.. 1040 
Sows, with litters, special feeding practices... 744 
Soybean- 

byproducts, protein content and feed value. 1019 
calcium content, analysis, technical notes.. 283-285 

chemical composition, variations. 281,283-285 

meal, effect on hatchability of eggs. 799 

source of riboflavin in diet. 264 

Spectrograph, use in identifying chemical ele¬ 
ments in foods.-.— 214 

Speelman, S. R.: 

Feeding Dogs. 866-870 

Nutrition of Horses and Mules. With Earl 

B. Erantz. 763-786 

Spencer, Damon A.: 

Feeding Problems With Goats.. 1.... 758-762 

Feeding Problems With Sheep. 746-757 

Stanley, Louise: From Tradition to Science. 97-99 
Starches— 

classification and value in diet...13-14 

function in diet. 164 

Steapsin, function in digestion. 427 

Steera— 

body composition at various growth stages.. 524 

fattening— 

in dry lot. 556-562 

on grass. 556-556 

feed consumption, hand-feeding versus self¬ 
feeding. 522-523 

growing and fattening, daily calcium and 

phosphorus requirements. 537 

vitamin A deficiency, symptoms. 536-541 

wintering.. 549-550 

Stems, nndermtiund, feed value. 1024-1025 

Stiebslino, Hazel K,: 

Pood Habits, Old and New.124-130 

Planning for Good Nutrition. With Faith 
Clark. 321-340 


Steibzuno, Hazel E.—Continued. TtLge 

Present-Day Diets in the United States. 

With Callie Mae Coons. 296-320 

The Problem [Better Nutrition as a Na¬ 
tional Goal]. 380-385 

Storage- 

foods, effect on vitamin content. 292-293 

methods, food materials. 351-354 

Strontium, occurrence in human tissues. 219 

SucraSe, function in digestion. 429 

Sugars 

l^terial action in, prevention. 346 

chemical classification and function in diet. 153-154 

^Glassification and value in diet__ 13-14 

contribution to diet. 327 

milk, source. 694-695 

Sugar-beet byproducts, composition and feed 

value. 1026 

Sulfur, occurrence in foods. 280 

Sunlight, source of vitamin D. 256-257,259 

Sunshine- 

effect on hatchability of eggs. 798 

value for poultry. 837 

Sweetpotatoes, source of carotene. 225 

Swine- 

energy requirements... 710-714 

essential nutrients, requirements.706 709 

feeding— 

for energy and fattening. 729-732 

on brewery and distillery byproducts— 738-734 

on pasture crops, economic value. 741-742 

on protein mixtures.. 734-736 

practices. J. H. Zeller and N. R. Ellis. 723-745 

practices, summary.70-72 

present-day problems. 744-745 

growth— 

and weight, factors affecting. 708-722 

factors affecting. 706-707 

mineral requirements..718-720 

nutritive requirements— 

N. R. Ellis and J. H. Zeller. 706-722 

summary.69-70 

production in United States. 724-729 

protein requirements.715-718 

vitamin requirements.. 720-722 

water requirements. 722 

See also Hogs. 


Teeth— 

calcium— 

and phosphorus requirement_— 9, 111, 117 

requirements..187-188 

decay- 

prevention in children. 259 

relation to diet.121-122 

defects due to vitamin A deficiency. 224 

formation, role of vitamin D. 265-256 

mottled, cause, extent, and control.212-213 

vitamin A requirement.. 115 

vitamin C requirement. 117 

vitamin D requirement. 117 

Temperature- 

body, control in farm animals, factors af¬ 
fecting... 433-434 

effect on yield and nutritive value of grasses. 935 
high, processing, use in silage making, ef¬ 
fects. 988 

.Tennessee, forage crops, phosphorus deficiency. 1034 
Texas, forage crops— 

iodine deficiency. 1038 

phosphorus deficiency_ 1034 

Tnlamln— 

abundance in nature. 289 

chloride, properties. 231 

requirement of milk cows. 673 

sources in foods. 289-290 

See alec Vitamin Bi. 

Thorium, occurrence in human body. 220 

Thyroid gUmd, iodine requirement.9,113-114 

Thyroxin formation, iodine requirement. 113-114,211 

Tin, occurrence in human body. 217 

Ti^ue, lean of meat, fat content. 461-462 

Titanium, occurrence in human body. 220 

Titus, Harry W.: 

Growth, Fattening, and Meat Production. 

With O. O. HiSlns. 450-468 
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Titus, Habry W.—Continued. Page 

Practical Feeding of Poultry . .819-842 

Practical Nutritive Requirements of Poul¬ 
try_ 787-818 

Tomatoes— 

ripe, source of carotene. _ _ 225 

value in diet as protective food. 380-381 

Tonics for chickens, use, disadvantages. 826 

Toro-Siton method of making silage, descrip¬ 
tion. 1011 

Trace elements— 

Esther Peterson Daniel...213-220 

definition and importance. 214 

field of future research..416-417 

identification_ 213-214 

list and body requirements.22-23 

occurrence and uses..,.. 22-23 

unbalance, effect on farm crops, animals, and 

man__-.. 214-215 

lYypsin, function in digestion.-. 427 

Tuberculosis, control by use of vitamin 

C..__. 239,263,254 

Tubers— 

digestible protein and digestible nutrient 
content for cattle, sheep, and swine, de¬ 
termination_ . . _ . ... 1074 

percentage composition used in animal feed¬ 
ing. 1071 

Turkeys— 

feed mixtures, recommendations . 836-837 

growth, nutritive requirement8.810-Sll, 814-817.818 
utilisation of feed for growth, comparison 

with other breeds of poultry_810-811 

wild- 

food requirements _ 900.902.910 

range and habits_ .. _ 896-897 

Turner, W. A.: Nutrition and Reproduction. 

With M. H. Friedman. 482-491 

Ulcers, peptic, control by use of vitamin 0... 238, 

250, 252-262 

Undemutrition, effects on- 

farm animals...— 446-448 

meat animals... 474-475 

United States— 

present-day diets in. Harel K. Stiebeling 

and Callle Mae Coons. _ ... 296-320 

swine production areas-- 724-729 

United States Fur Animal Experiment Sta¬ 
tion- 

fisher research. 891 

marten research. 891 

mink research. 889-890 

silver fox research..... 879-¥®3 

United States Pharmacopoeia, recommenda¬ 
tions of ood-liver oil dosage... - 258,269 

United States Public Healtb Service, research 

work with pellagra-- 267 

United States Rabbit Experiment Station, 

feeding experiments ... 891-892 

United States Range Livestock Experiment 
Station, Miles City, Mont., feeding experi¬ 
ments..- 545-546,647-548,549 

Vanadium, occurrence in foods and tolerance of 

experimental animals. 217 

Vegetables— _ 

contributions to diet-- 326,327 

feeding to dogs, recommendations. .. 859 

grade— 

labeling, problems.. 369 

standards_- 367 

protection from bacteria and molds- 343 

source of— 

calcium. jje 

ton!?.'.'".I.»!, 204,308,278 

ribo^vin.^ ^ 

vitamins in feeds.-. 

storage changes—....- - 364 

value in diet as protective foods..,380-881 

Vetch. In hay and silage, comparative oomposi- 

tlQjl . 1014 

Vinegar making, it)ie of bacteria. 347-348 


Virginia, forage crops— Page 

calcium deficiency.. 1035 

deficiency. 16^1035 

content of— 

colostrum.. 5(^5 

eggs......800 

foods. Esther Peterson Daniel. 286-295 

foods, determination.. 286-287 

foods, summary...’. 32-33 

vegetable feeds.. io^l025 

deficiency- 

relation to body disturbances.9,115-120 

relation to dental caries.. . 121-123 

relation to food utilization. 442-443 

needs of man— 

Lela E. Booher, Elizabeth C. Callison, 

O. L. Eiine, Sybil L. Smith, Frederick 

W. Irish, and E. M. Nelson. 221-271 

summary. 23-30 

requirements— 

for animal nutrition and reproduction.. 485-487 

of beef cattle.. 538-543 

of chickens___ . 816-817,818 

of dairy cattle.... 633-637 

of egg production_ 806 

of pllinaceous upland game birds.914-916 

of horses and mules. . _ 773,779-780 

of human body. . .. . 220-271 

of livestock, limited knowledge_ 1067-1058 

of poultry_ 816-817,818 

of swine. 720-722 

of turkeys.816-817,818 

therapy, misleading claims__ 142-143 

Vitamin A— 

Lela E. Booher and Elizabeth C. Callison. 221-229 
amount in milk, relation to quantity of 

carotene in feed. 669 

concentration in butterfat, relation to 

carotene in feed. 669 

content of— 

foods. 222.224 

milk. 668-673 

deficiency- 

cause of hemeralopia..__ 702 

effects. . . 24, 223-224,226, 638-639 

in chickens, symptoms. 827 

discovery . .. . 221-222 

distribution in foods.. 224-225 

effect on— 

hatchability of eggs. 791,795 

male chickens.. 790 

feeding to chickens. 823-824,834 

function in human body.. 115-116,223-224 

human requirements. 23-25,226-229 

in eggs, effect of hen's diet. 792 

in foods, quantitative measurements... 225 

International Unit... 226 

potency, per gram of colostrum, from cows of 
various breeds on and without pasture... 672 

pure, occurrence and properties.. 222 

relation to proper functioning of human eye. 3-4 

requirements of— 

dairy cows___ __-. - 581-685 

foxes.-. 877-879 

gallinaceous upland game birds. 914 

young turkeys. 836 

sources and description.23-25 

sources in foods . .. 287-288 

supplements, effect on growth rate of young 

calves. - 633 

value In animal body.. 588-541 

Vitamin B— 
complex— 

requirement of calves_ 542 

See also Riboflavin. 

content in milk- 673-678 

deficiency, effects. 678:^ 

requirements of foxes. 879 

Vitamin Br— ^ 

O. L. Kline. 

chemical nature. 

crystals, properties. 231 

deficiency- 

cause of beriberi disease.- wl 

diseases.-. 330-281 
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human requirements_ 2^26,232-236 
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cows. . 673-678 

upland gallinaceous game birds.914-915 
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and description.26,26 

in foods-.28^290 

synthetic, description... 23 

values— 
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a/so Thiamin. 

Vitamin Br¬ 
in colostrum, comparison to Bj in later milk. 677 

requirement of cows. 673 

See also Riboflavin: Vitamin O. 

Vitamin B#— 

concentration in milk.... 676 678 

use In control of pellagra_ ” ^ 

Vitamin C— 

Sybil L. Smith. 235-253 

content in milk. 673-682 

deficiency- 

cause of scurvy. 702 

effects.-.r^27,238 

diwvery. 235-236 

effect on— 

hatchability of eggs.. 795-796 

human body tissues. 238-239 

function in¬ 
human body. 116-117 

nutrition of cattle. ’ ' ” 678-679 
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requirements. 26-28,235-266 
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blood test, -. 241-242 
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. 260-254 
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of adults. ' 247-248 

of children. ~ 246-247 

oMnfants. 244-246 
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and uses. 26 

in foods... ' * 289 
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Frederick W. Irish. 256-259 

aid to mineral assimilation . 193 

content of milk. 682-684 

deficiency— 

cause of rickets. 702 

effect on chick embryo mortality. 799 

effect on growth in children. 256 

effect on hatchability of eggs. 791 

Jn chickens, symptoms. 827 

on hatchability of eggs. 796 

MBing to chickens.. .. 824-825,834 

function In— 

animal diet. 530 

human body. 117-118,265-256 

human requii^ents. 28-29,257-259 

requirements— 
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beef cattle. 542-543 

mp gallinaceous upland game birds. 915 

^f human body. 28-29,257-269 

of young turkeys. 836 

secretion m milk, effects of diet and exposure 
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sources— 

and abundance.38-29 
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Vitamin E— . ^ 

f-M. Nelson... 269-261 

deficiency— 

effect on chick embryo mortality... 799 
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effect on— 

hatchability of eggs.. 796 

male chickens. 790 

feeding to chickens.' 826 

function in human body. 118 

human need undetermined.268-261 

• requirement of— 

beef cattle. 643 

gallinaceous upland game birds... 915 

rats. 260 

sources in foods_. 289 

studies.. . . 29 
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deficiency in chickens, symptoms. 827-829 

feeding to chickens. 826,834 

function in human body. 118 

requirements of— 

^llnaceous upland game birds. 916 

human body. 29-30 

sources in foods. 290 

See also Riboflavin; Vitamin Ba, 

Vitamin K— 

deficiency in chickens, symptoms... 829 

function in human body.t..-_119-120 

requirement of beef cattle. 542 

sources— 

and function. 291 

need for research. 825 

Vitamins— • 

conservation, suggestions. 296 

determined and synthesized, description_ 703 

discovery, relation to - diet-deficient dis¬ 
eases.^. 701-706 

effect on hatchability of eggs. 795-797 

functions in human body. 115-120 

in hay, losses In curing. .. 997-998 

in milk, and in milk production— 

C. A. Cary. 668-684 

summary. 64-66 

occurrence in foods. 287-291 
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Vixens, breeding, composition of rations, ex¬ 
periments.. 883 

Volatile acids, formation in silage. 1006 

Wallacx, Hsmrt a., Secretary, foreword_ v-vi 

Washington, forage crops, iodine deficiency... 1038 
Water- 

available to crops, effect on their nutritive 

value. 410 

consumption, calves from 3 to 24 weeks old.. 637 

fluorine content, dangers. 21-22 

function in human b^y.106-107 

requirement of— 

calves. 637-638 

S 8. 862 

inaceous upland game birds.. 911 

3es and mules. 779 

human body. 8 

poultry. 825-826 

swine. 722 

supply- 

nitration for removal of fluorine. 213 

fluorine concentration, result.212-213 

iodine deficiency, resuit. 212 

Wauoh, F. V.: Subsidising Consumption of 

Foods. __ 392-396 

We^btt body, control by foods, danger.. 12 

West Virginia, forage crops, calcium deficiency. 1035 
Western States, swine production and feeding 

practices. 729 

WTieat— 

bran, composition and feed value. 1021 

germ- 

source of riboflavin in diet. 264 

vitamin content and value..231» 1026 
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milk, riboflavin content. 261-262.264 

use in makii^ silage_ 1010 

White House Conference on Child Health and 
Protection, report on iron content of infants. 208 

Wine production, role of micro-organisms_ 347 

Wisconsin, forage crops— 

iodine deficiency... 1038 

phosphorus deficiency. 1035 

Women— 

anemia, occurrence and control... 206-207,209-210 

copper requirements.. 211 

farm, energy output___ 163-164 

food energy, daily allowance suggestions.. - 172 

iron requirements. 205-208 

phosphorus requisement. 194 

pregnant and lactating— 

calcium requirements.... 192 

phosphorus requirements_ 195 

vitamin C requirements.. ... 248-249 

vitamin D requirements . - 259 
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vitamin Bi requirements_ . - 234 

vitamin C, daily allowance. .. 255 

weight averages according to height and age. 161 
Woodward, T. E.: 
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Pasture and Range in Livestock Feeding. 

With P. V. Oardon, W. R. Chapline, E. W. 

McComas, and C. R. Enlow.. _ 925-955 

The Nutritive Value of Harvested Forages. 

With W. H. Hosterman, P. W Cardon, 

and E. W. McComas.. 956-991 

Woodward, Thompson E.: Nutritive Value 
of Miscellaneous Feeds. With Earl W. 

McComas,. -. 1017-1026 

Wool- 

fiber, effect of nutrition plane. 496-497 

growth, effect of carbohydrates in diet . 499-500 

production— 

evstine reauirements. 498-499 
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energy and protein requirements. 498-499 

nutntional factors affecting. 500 

relation to nutrition. John I. Hardy and 

Imogene P. Earle... 492-500 

relation to nutrition, summary. 52 

structure, description. 493-494 

Workingman, family purchases of 58 foods, 
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value. 393 

Wounds, healing, effect of vitamin 0_ 238,252-253 

Wright, P. A.: Variations in the Composition 
of Milk. With E. F. Deysher and C. A. 

Cary.. 639-648 

Wyoming, forage crops— 

iodine deficiency. 1038 

selenium excess .. 1040 

Xerophthalmia, cause.. 223-224 

VearboDk, 1939, general lay-out, review. 5-6 

Yearbook Committee on Nutrition. vu 

Yeasts— 

cause of organic decomposition.. 341-342 

grow th¬ 
in fruit Juices, preventive measures. 342-343 

In milk, preventive methods. 345 

on fruits, preventive measures.. 342 

role in broad making. 348 

source of riboflavin in diet .. 204 

value in cure of pellagra... .. 268,269 

Yellow coloring, association with vitamin A.. 222, 

224,225 

Zeller, J. 11.: 

Nutritive Requirements of Swine. With 

N. R. Ellis.- . 706-722 

Practices in Swine Feeding. With N. R. 

Ellis. 723-745 

Zinc- 

content in milk. 647 

occurrence in foods... 279 

occurrence in human body and necessity in 

foods. - - _216-217 

Zireoiiium. occurrenci* in human body,. 220 
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